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ADDITIONS TO THE FLORA OF GINN WOODS,
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ABSTRACT. Ginn Woods, a typical flatwoods of the Bluffton Till Plain Section of the Central Till

Plain Natural Region, is a 65 ha tract of woodland owned by Ball State University. The woods lies in the

northwest corner of Delaware County, Indiana. This paper documents 69 additional vascular taxa. repre-

senting 44 genera in 23 families, within Ginn Woods. Of the 69 species, 38 are recorded for the first time

in Delaware County and nine are naturalized, non-native (exotic) species. The results of this studs com-

bined with the one conducted in 1997 provided the following information. Ginn Woods contains a total

of 452 taxa of vascular plants representing 267 genera in 99 families. A total of 164 species were reported

for the first time from Delaware County. Of the 436 angiosperms listed, 67. or approximately 15 cf. were

non-native or exotic species. The flora of Ginn Woods is characteristic of a typical old-grow th beech-

maple forest in the American Midwest. The species documented at Ginn Woods were compared to the

inventories of four other forests in east-central Indiana, e.g., Botany Glen, Grant County, Fogwell Forest

Nature Preserve, Allen County, Mounds State Park, Madison County, and Wilbur Wright Fish and Wildlife

Area, Henry County. This comparison indicated that Ginn Woods contained 17 species not found in these

other forests. Among others, this list includes Agastache scrophulariaefolia, Aristolochia serpentaria,

Carya laciniosa, Hamamelis virginiana, Hybanthus concolor, Ilex verticillata, Lobelia cardinalis, Huper-

zia lucidula, Lycopus virginicus, Triosteum aurantiacum, Triphora tricmthophora, and Uhints thoniasii.

Keywords: County records—vascular plants, Delaware County flora, Indiana vascular plant records,

flatwood forest

Ginn Woods is a 65 ha tract of woodland

owned by Ball State University and managed
by the Field Center and Environmental Edu-

cation Center. The site is located approxi-

mately 25 km north of Muncie, Indiana (SW
1/4 Sec. 18, and NW 1/4, Sec. 19, T22N,
R10E: Wheeling Quadrangle 7.5 Minute Se-

ries Topographic Map). Ginn Woods is a typ-

ical flatwoods of the Bluffton Till Plain Sec-

tion of the Central Till Plain Natural Region,

an area formerly covered by an extensive

beech-maple forest (Homoya et al. 1985). The
soils in Ginn Woods are derived from glacial

parent material and vary from somewhat poor-

ly to very poorly drained soils (Huffman

1972). The poor internal drainage of these

soils, combined with the seasonally high water

table less than 40 cm below the surface for

most of the study area, results in ponding on

the low-lying portions of the woods through

early to mid-summer (McClain 1985).

The vegetation of Ginn Woods has been de-

scribed previously. After analyzing the struc-

ture and composition of the woody vegetation

of the woods. Badger et al. (1998) provided

evidence that Ginn Woods was an old-grow th

forest and ranked as the second largest old-

growth forest in Indiana. In addition to de-

scribing the vegetational communities, Ruch

et al. (1998) published a list o( the vascular

flora of Ginn Woods. The flora consisted of

384 species of vascular plants, representing

244 genera and 94 families. Of the total num-

ber of species. 127 were Delaware Count) re-

cords and 58 were exotic, non-native species.

Careful examination oi the list of vascular

plants from the stud) area reveals that, al-

though the wood\ plants, vines, and forbs

were adequately documented, records for

members o( the Poaceae, Cyperaceae, and

Juncaceae arc minimal. Onl) 13 grass species.

22 sedge species. l
c
) from the genus Carex,

and one Juncus species were reported. Al-

though this stud) was undertaken primaril) to
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augment our information concerning the oc-

currence and distribution of grasses, sedges,

and rushes in Ginn Woods, other additions to

the flora were recorded.

METHODS
The initial study by Ruch et al. (1998) was

completed in 1997. From 1998-2001, peri-

odic, non-systematic forays were made into

the woods and plant species not reported pre-

viously were collected. During the growing

season of 2002, biweekly forays were made
to all areas of Ginn Woods. Notes on vege-

tation consisted of species lists with visual es-

timates of their abundance (see catalog of vas-

cular plants). Voucher specimens for each new
species were deposited in the Ball State Uni-

versity Herbarium (BSUH). Nomenclature of

pteridophytes follows the Flora of North

America, Volume 2 (Flora of North America

Editorial Committee 1993). Except for the Cy-

peraceae and Poaceae, nomenclature of the

Magnoliophyta follows Gleason & Cronquist

(1991). The Cyperaceae and Poaceae follow

the nomenclature of Swink & Wilhelm (1994).

Species were deemed unreported for Delaware

County if they did not appear in the computer

database of Keller et al. (1984). (This is the

same list of plants for Delaware County as the

one at the Indiana Natural Heritage Data Cen-

ter, IDNR.) Within the catalog of vascular flo-

ra, each species is followed by appropriate

synonyms, common name(s) based primarily

on Gleason & Cronquist (1991), a visual es-

timate of its relative abundance, its typical

habitat in the study area, and the Ball State

University herbarium (BSUH) number(s). In

addition, all naturalized (exotic), non-native

species are indicated, as are county records for

Delaware County, Indiana. The relative abun-

dance for species is defined as follows: rare

= < 3 sites although species may be abundant

at one site; infrequent = occasional, not wide-

spread throughout its potential habitats and

may be locally abundant at one or more site;

frequent = common throughout its potential

habitats and may be locally abundant at one

or more sites; and abundant = common and

numerous throughout it potential habitats.

RESULTS

This floristic survey of Ginn Woods yielded

69 additional species of vascular plants rep-

resenting 44 genera in 23 families (see Ap-

pendix). Of the 69 additional species, 38 are

recorded for the first time in Delaware Coun-
ty, and nine are naturalized, non-native (ex-

otic) species. The list includes six species of

ferns, 16 sedges (including 13 Carex spp.),

three willows, and 24 grasses. The largest

number of the additional species were col-

lected in the Wesley Wet Area, in Farmer's

Field, around Southern Pond, and in the mesic

woods especially along the seasonal creeks

(see Fig. 3 of Ruch et al. 1998). The one col-

ony of Huperzia lucidula (Michx.) Trevis.

[Syn. Lycopodium lucidulum Michx.] is still

present but does not appear to be expanding.

DISCUSSION

Combining the species reported during this

study with those reported earlier (Ruch et al.

1998) yielded the following information. Ginn

Woods contained a total of 452 species and

varieties of vascular plants representing 267

genera in 99 families. From both studies a to-

tal of 164 species was reported for the first

time from Delaware County. Of the 436 an-

giosperms listed, 67, or approximately 15%,

were non-native or exotic species. The six

families with the highest number of species

were the Asteraceae (52 species), Cyperaceae

(38 species), Poaceae (37 species), Rosaceae

(23 species), Lamiaceae (18 species), and the

Liliaceae (13 species). Only one of the species

reported from Ginn Woods, Veronica anagal-

lis-aquatica L. [Syn. Veronica catenata Pen-

nell] is noted on the 10 April 1996 list of en-

dangered, threatened, and rare vascular plants

maintained by Division of Nature Preserves,

Indiana Department of Natural Resources

(1996). It is listed as threatened in Indiana.

The vascular flora of Ginn Woods is char-

acteristic of a typical old-growth beech-maple

forest in the American Midwest. Levenson

and Jackson (1980) sampled the ground layer

of 21 old-growth beech-maple forests in In-

diana, Michigan, and western Ohio and found

a total of 174 species. Ginn Woods contains

nearly 125 of these species, including 47 of

the 50 most important species.

The species documented at Ginn Woods are

comparable to inventories of other forests in

east-central Indiana (Rothrock et al. 1993;

Rothrock 1997; Ruch et al. 2002; Stonehouse

et al. 2002). Table 1 compares total area, num-
ber of native species, number of exotic spe-

cies, and number of ferns and their allies at
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Table 1.—A comparison of five east-central Indiana natural areas with respect to size, number of native

plants, number of exotic plants, and number of ferns and their allies. Area is in hectares. Note: the 15

species of ferns and allies collected at Wilbur Wright Fish and Wildlife Area include Ophioglossum

vulgatum L. (BSUH 1 1548), which was collected after the publication of the inventory at that site (Ruch

et al. 2002).

Site

Number of

Native Exotic ferns and

Area (ha) species species allies

18 301 69 13

11 213 30 1 ]

61 385 67 16

105 388 67 7

416 472 133 15

Botany Glen

Fogwell Forest Nature Preserve

Ginn Woods
Mounds State Park

Wilbur Wright Fish and Wildlife Area

the five study sites. In fact, at all sites the three

families with the highest number of species

(most being common to all sites) were the As-

teraceae, Cyperaceae, and Poaceae. Although

the order varied from site to site, the next

three most abundant families were the Rosa-

ceae, Lamiaceae, and the Liliaceae. Among
these five study sites, 17 species were unique

to Ginn Woods. These included the woodland
species Agastache scrophulariaefolia (Willd.)

Kuntze, Ahstolochia serpentaha L., Carya la-

ciniosa (Michx. f.) Loudon, Hamamelis vir-

giniana L., Hybanthus concolor (T.F. Forst.)

Spreng., Ilex verticillata (L.) A. Gray, Lobelia

cardinal is L., Huperzia lucidula (Michx.)

Trevis., Triosteum aurantiacum Bickn., Tri-

phora trianthophora (Sw.) Rydb., Ulmus tho-

masii Sarg.; the wetland and aquatic species

Cephalanthus occidentalis L., Lycopus virgin -

icus L., Nuphar advena (Aiton) W.T. Aiton,

Spirodela polyrhiza (L.) Schleid., and Wolffia

punctata Griseb.; and an exotic species Leon-

urns marrubiastrum L., which occurred in the

field.

Finally, we need to report some corrections

concerning the original list of plants reported

for Ginn Woods (Ruch et al. 1998). For four

species, we did not report the variety occur-

ring in Ginn Woods. The variety of American
germander is Teucrium canadense var. virgin-

icum (L.) Eaton, the variety of wild leek is

Allium tricoccum Aiton var. burdickii Hanes.

the variety of stinging nettle is Urtica dioica

L. var. procera (Muhl.) Wedd., and the variety

of common poison ivy is Toxicodendron rad-

icans (L.) Kuntze var. negundo (Greene) Re-
veal. Additionally, we reported collecting blue

buttons, Knautia arvensis (L.) Duby [Dipsa-

caceae]. This plant was misidentined and

should be withdrawn form the flora of Ginn

Woods. (Calculations of total flora, county re-

cords, and number of exotics reported in this

paper are based on the removal of this species

from the list.)
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APPENDIX
CATALOG OF THE ADDITIONAL VASCULAR

PLANTS IN GINN WOODS
(arranged alphabetically by family)

Following each species is information specific to

its occurrence in Ginn Woods. This information in-

cludes the following: The symbols in parentheses

immediately following each species refer to the fol-

lowing: * = naturalized (exotic), non-native spe-

cies; + = county record. BSUH numbers represent

voucher specimens deposited in the Ball State Uni-

versity Herbarium.

Relative abundance: rare = < 3 sites although

species may be abundant at one site; infrequent =

occasional, not widespread throughout its potential

habitats and may be locally abundant at one or more
site; frequent = common throughout its potential

habitats and may be locally abundant at one or more
sites; and abundant = common and numerous
throughout it potential habitats.

PHYLUM POLYPODIOPHYTA
(Ferns)

Aspleniaceae (Spleenwort Family)

Asplenium platyneuron (L.) Oakes; ( + ); Ebony
Spleenwort; infrequent; mesic woods; BSUH
1 1447.

Dryopteridaceae (Wood Fern Family)

Athyrium filix-femina (L.) Roth, van angustum
(Willd.) Lawson; Northern Lady Fern; rare; mesic

woods; BSUH 10600.

Deparia acrostichoides (Sw.) M. Kato; ( + ); Syn-

onym: Athyrium thelypterioides (Michx.) Desv.;

Silvery Glade Fern or Silvery Spleenwort; rare; me-
sic woods; BSUH 10597.

Ophioglossaceae (Adder's Tongue Family)

Botrychium dissection Spreng. var. dissectum.;

Lace-frond Grapefern or Dissected Grapefern; com-
mon; mesic woods; BSUH 11039.

Botrychium dissectum Spreng. var. obliquum

(Muhl.) Clute; Lace-frond Grapefern; infrequent;

mesic woods; BSUH 10356.

Thelypteridaceae (March Fern Family)

Phegopteris hexagonoptera (Michx.) Fee; Syno-

nym: Thelypteris hexagonoptera (Michx.) Weath-

erly; Broad Beech or Southern Beech Fern; rare;

mesic woods; BSUH 10583.

PHYLUM MAGNOLIOPHYTA
(Flowering Plants)

Amaranthaceae (Amaranth Family)

Amaranthus arenicola I.M. Johnst.; ( + ); Sandhill

Amaranth; rare; dry upper rim of Pond in Farmer's

Field; BSUH 10932.

Apiaceae (Carrot Family)

Sanicula trifoliata E.P Bicknell; ( + ); Beaked

Sanicle; common; mesic woods; BSUH 11041.

Aristolochiaceae (Birthwort Family)

Aristolochia serpentaria L.; ( + ); Virginia Snake-

root; rare; in ditch at edge of woods along Eaton-

Wheeling Pike; BSUH 10461.
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Caprifoliaceae (Honeysuckle Family)

Lonicera prolifera (Kirchn.) Booth ex Rehder;

( + ); Grape Honeysuckle; rare; mesic woods; BSUH
10510.

Viburnum lentago L.; Nannyberry; infrequent;

mesic woods; BSUH 10591.

Caryophyllaceae (Pink Family)

Silene antirrhina L.; Sleepy Catchfly; common;
Farmer's Field next to plowed area; BSUH 10607.

Celastraceae (Staff-tree Family)

Celastrus scandens L.; American Bittersweet; in-

frequent; edge of wood along Eaton-Wheeling Pike;

BSUH 10508.

Cyperaceae (Sedge Family)

Carex conjuncta Boott; ( + ); Green-headed Fox

Sedge; infrequent; Farmer's Field near pond; BSUH
10979.

Carex cristatella Britton; Crested Oval Sedge; in-

frequent (but locally common); north, moist end of

Farmer's Field; BSUH 11020.

Carex frankii Kunth.; Bristly Cattail Sedge;

abundant; north end of Farmer's Field; BSUH
11007.

Carex gracillima Schwein.; Purple-sheathed

Graceful Sedge; frequent; South Woods; BSUH
10711.

Carex lacustris Willd.; Common Lake Sedge;

abundant; pond in Farmer's Field; BSUH 11013.

Carex lurida Wahlenb.; Bottlebrush Sedge; abun-

dant; pond in Farmer's Field; BSUH 1 1009.

Carex molesta Mack, ex Bright; Field Oval

Sedge; abundant; Farmer's Field (especially the

moist north end); BSUH 11011.

Carex muskingumensis Schwein.; (+); Swamp
Oval Sedge; infrequent; vernal pools and woods;

BSUH 10977, 11037.

Carex normalis Mack.; Spreading Oval Sedge;

rare (one site); in ditch (roadside) along CR 300W;
BSUH 10964.

Carex pellita Willd.; ( + ); Broad-leaved Woolly

Sedge; infrequent; north end of Farmer's Field;

BSUH 11004.

Carex shortiana Dewey; Short's Sedge; rare (one

site); in ditch (roadside) along CR 300W; BSUH
10960.

Carex tribuloides Wahlenb.; Awl-fruited Oval

Sedge; abundant; north end of Farmer's Field and

in vernal pools in woods; BSUH 1 1018.

Carex vulpinoidea Michx.; Brown Fox Sedge;

abundant; seasonal pond in Wesley Wet Area near

CR 300W; BSUH 11000.

Eleocharis obtusa (Willd.) Schult.; Blunt Spike

Rush; abundant; seasonal pond in Wesley Wet Area

near CR 300W; BSUH 1 1022.

Scirpus pendulus Muhl.; (+); Red Bulrush; abun-

dant; seasonal pond in Wesley Wet Area near CR
300W; BSUH 10677.

Scirpus validus Vahl; (+); Synonym: Schoeno-

plectus tabernaemontani (C.C. Gmel.j Palla: Great

or Softstem Bulrush: abundant around the edge of

pond in Farmer's Field; BSUH 10642.

Fagaceae (Beech Family)

Quercus shumardii Buckley: Shumard Oak: eom-

mon (these were grouped with Quercus rubra in the

original study); mesic woods; BSUH 10640.

Hamamelidaceae (Witch Hazel Familj I

Hamamelis virginiana L.; (+); Witch Hazel: rare

(one site with 3 plants); mesic woods (border of

South and Nixon Woods); BSUH 10630.

Juncaceae (Rush Family)

Juncus tenuis Willd.; Path Rush: abundant: sea-

sonal pond in Wesley Wet Area near CR 300W;

BSUH 10972.

Lemnaceae (Duckweed Family)

Spirodela polyrhiza (L.) Schleid.: (+); Greater

Duckweed; abundant; pond; BSUH 11379.

Wolffia punctata Griseb.; ( + ); Water-meal: [= IV.

borealis (Hegelm.) Landolt]; common: ponds,

creeks, swampy area; BSUH 1 1378.

Oxalidaceae (Wood Sorrel Familx
I

Oxalis dillenii Jacq.; ( + ); Southern Yellow Wood
Sorrel; infrequent; Wesley Wet Area and Farmer's

Field; BSUH 10515.

Poaceae (Grass Family)

Alopecurus carolinianus Walter.: ( + ): Carolina or

Annual Foxtail; infrequent; wet. muddy soil along

southern border of Wesley Wet Area: BSUH 10900.

Brachyelytrum erectum (Schreb.) P. Beam.: Long

Awl Wood Grass; infrequent: mesic woods: BSUH
11386.

Bromus inermis Leyss.: (*. -f); Smooth or Hun-

garian Brome; rare: east end o\ Wesley Wet Area:

BSUH 10680.

Bromus pubescens Willd.: ( + ): Woodland
Brome; infrequent; mesic woods: BSUH 10S2 L

).

Bromus raccmosus L.: (*. -): Smooth Chess;

rare; west end of Wesley Wet Area near seasonal

pond; BSUH 10891.

Diarrhena americana P. Beaux, var. americana;

( + ); Beak Grass: rare: mesic woods: BSUH L0890.

Digitaria ischaemum (Schreb.) Muhl.: (it, +);

Smooth Crabgrass: abundant; roadside: BSUH
10832.

Echinochloa muricata (P. Beaux J Fernald var.

muricata; (+); Barnyard Grass: rare (one site): bank

of pond: BSUH 10S34.

Eleusine indica (L.) Gaertn.; (*); Yardgrass,

Goosegrass or Crowfoot Grass: infrequent: roadside

along CR 300W: BSUH 10868.

Elymus villosus Willd.: (-): Silky or Down}
Wild Rxe: abundant: mesic woods: BSUH 10842.
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Elymus virginicus L.; ( + ); Virginia Wild Rye;

common; along seasonal creeks in woods; BSUH
11028.

Festuca rubra L.; ( + ); Red Fescue; rare (one

site); dry, upper south bank of pond; BSUH 10957.

Glyceria striata (Lam.) Hitchc; Fowl Manna-

grass or Fowl Meadow Grass; abundant; mesic

woods; BSUH 10699.

Hordeum jubatum L.; ( + ); Foxtail Barley or

Squirrel-tail Grass; rare; Wesley Wet Area along

CR 300W; BSUH 10851.

Leersia oryzoides (L.) Sw.; ( + ); Rice Cutgrass;

abundant; moist north end of Farmer's Field, around

pond, and in swampy area; BSUH 10859.

Leersia virginica Willd.; White Grass; common;
mesic woods; BSUH 10911.

Muhlenbergia schreberi J.F Gmel.; Nimblewill;

common; roadside, especially along Eaton-Wheel-

ing Pike; BSUH 10870.

Panicum dichotomiflorum Michx.; ( + ); Knee
Grass; rare; southwest end of Wesley Wet Area near

the season pond; BSUH 10847.

Panicum implicatum Britton; ( + ); Synonym:
Panicum lanuginosum Elliott var. implicatum

(Scribn.) Fernald; Old-field Panic Grass; Abundant;

fields, especial Farmer's field; BSUH 10838.

Panicum philadelphicum Bernh. ex Trim; ( + );

Philadelphia Panic Grass; rare; roadside along Ea-

ton-Wheeling Pike; BSUH 10873.

Poa annua L.; (*, +); Speargrass or Annual

Bluegrass; common; roadside; BSUH 11024.

Poa compressa L.; (*); Canada Bluegrass; infre-

quent; Farmer's field, especially around the pond;

BSUH 10686.

Poa trivialis L.; (*, +); Rough Bluegrass; rare;

roadside ditch along CR 300W; BSUH 10604.

Sphenopholis intermedia (Rydb.) Rydb.; Syno-

nym: Sphenopholis obtusata var. major (Torr.) Erd-

man; Slender Wedge Grass; common; mesic woods;

BSUH 10715.

Rosaceae (Rose Family)

Pyrus coronaria L.; Synonym: Mains coronaria

(L.) Mill.; Sweet Crab; rare (two trees); edge of

woods along Farmer's Field; BSUH 10921.

Rubus flagellars Willd.; ( + ); Northern Dewber-
ry; infrequent; fields; BSUH 10683.

Rubiaceae (Madder Family)

Galium mollugo L.; (*, + ); White Bedstraw;

rare; roadside along Eaton-Wheeling Pike; BSUH
10589.

Rutaceae (Rue Family)

Zanthoxylum americanum Mill.; Common Prick-

ly Ash; open area in South Woods next to the Farm-

er's Field and north of the pond; BSUH 10626.

Salicaceae (Willow Family)

Salix amygdaloides Andersson; ( + ); Peach-leaf

Willow; rare; swampy area; BSUH 10504.

Salix eriocephala Michx.; ( + ); Diamond Willow;

rare; edge of woods along Farmer's Field near

pond; BSUH 10930.

Salix exigua Nutt.; ( + ); Synonym: Salix interior

Rowlee; Sandbar Willow; infrequent; Wesley Wet
Area and near pond; BSUH 10953.

Scrophulariaceae (Figwort Family)

Gratiola neglecta Torr.; Clammy Hedge Hyssop;

abundant; Farmer's Field and Wesley Wet Area

along the plowed field; BSUH 10602.

Ulmaceae (Elm Family)

Ulmus pumila L.; (*, +); Siberian or Chinese

Elm; rare; edge of woods; BSUH 10647.

Ulmus thomasii Sarg.; ( + ); Rock Elm; infre-

quent; West Vernal Pool; BSUH 1 1387.
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STRUCTURE AND COMPOSITION OF PLANT COMMUNITIES
IN FIRE-MANAGED GRASSLANDS AT

BIG OAKS NATIONAL WILDLIFE REFUGE

Gary L. Basey and Kemuel S. Badger: Department of Biology, Ball State

University, Muncie, Indiana 47306 USA

ABSTRACT. Big Oaks National Wildlife Refuge, formerly Jefferson Proving Grounds, is one of Indi-

ana's largest natural areas (approximately 22,000 ha). No studies have been conducted to quantify the

grassland communities at Big Oaks National Wildlife Refuge. Establishing a baseline of information

regarding the plant community composition and structure would be helpful to monitor changes resulting

from current management practices. Sixty permanently-marked 10 m radius circular plots were established

in three managed grassland communities within the refuge. Three vegetation layers (overstory. understory.

and ground layer) were sampled during July-August 2001. Overstory trees (> 10 cm dbh) were sampled

in each plot and consisted mainly of Carya ovata, Liquidamber styraciflua, and Nyssa sylvatica. The

understory (< 1.5 m but > 0.5 m) was sampled in sixty 2 X 2 m subplots in each grassland area. The

understory was dominated by Rhus copallinum, Sassafras albidum, and Liquidamber styracifiua. The

ground layer (all herbaceous species and those woody stem > 0.5 m) was sampled using 1 X 1 m subplots

in each grassland. Fifty-four different species were sampled in the ground layer. Andropogon virginicus

and Solidago juncea were the dominant plant species in the permanent plots.

Keywords: Big Oaks NWR, Indiana, fire management, grassland community, biodiversity

In July 2000, the U.S. Army military site,

formerly known as Jefferson Proving Ground,

was re-dedicated as Big Oaks National Wild-

life Refuge (Big Oaks NWR). Big Oaks NWR
contains large grassland areas that have been

increased and maintained by the frequent use

of fire as a management tool as well as wild-

fires associated with munitions testing from
1941-1994 (USFWS 2001). The use of fire as

a management tool is essential in maintaining

the biodiversity associated with the grassland

habitats within Big Oaks NWR. These exten-

sive grasslands support viable populations of

many species of plants and animals that are

declining elsewhere throughout their range.

No quantitative studies have been completed

to describe the plant community composition

of these grassland areas.

Two plant inventories were conducted prior

to the formation of the refuge (Hedge et al.

1993; Hedge et al. 1999). These inventories

identified vascular plants listed within the site

as endangered, threatened, rare, or watch list.

These inventories are important to document
occurrences of these species. A quantitative

study can provide additional information to

describe the plant community structure and
composition of these grassland areas.

Prescribed burning is used to maintain the

integrity of fire-dependent plant communities

(Bond & Van Wilgen 1992). These fire-de-

pendent communities support populations of

plant and animal species of special concern.

The primary function of the use of fire as a

management tool at Big Oaks National Wild-

life Refuge is to maintain the grassland habi-

tats by reducing the density of woody vege-

tation (USFWS 2001). The current fire

management plan for Big Oaks National

Wildlife Refuge divides the grasslands into

fire management units. Portions of the man-

agement units are burned each year to produce

spatial variation in grassland maturity for an\

given year.

Collecting vegetation data in permanently-

marked monitoring plots is the most reliable

method of assessing changes in plant com-

munities (Elzinga et al. 2001). This stud) was

designed to establish a baseline of information

to monitor the effect that prescribed burns

have on structure and composition of grass-

land communities within Big Oaks NWR.
Monitoring provides a logical and objective

basis for taking management actions and ex-

pands current knowledge of ecosystem prop-
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Figure 1.—Big Oaks National Wildlife Refuge, a

22,000 hectare preserve formerly known as the Jef-

ferson Proving Ground, is located in Jefferson, Jen-

nings, and Ripley counties in southeastern Indiana.

erties and processes (Spellerberg 1994). Veg-

etation monitoring will provide information

leading to a greater understanding of grass-

land habitats within Big Oaks NWR. This in-

formation provides feedback, for resource

managers, concerning the achievement of fire

management objectives and the impact of pre-

scribed burns on specific locations.

STUDY SITE

Big Oaks NWR is a 22,000 ha (51,000

acres) area located in Jefferson, Ripley, and

Jennings counties in southeastern Indiana

(Fig. 1 ). Prior to being used as an ordnance

test facility, the open areas were used for ag-

riculture. Remnants of these earlier settle-

ments can be observed throughout the refuge.

The road system created during settlement

was maintained by the U.S. military to pro-

vide for easy access throughout the property.

The open areas used for agriculture became
the primary sites for ammunition testing. Dur-

ing the 55 years Jefferson Proving Ground op-

erated, over 22 million pieces of ordnance

were dropped on what is now the wildlife ref-

uge (USFWS 2001). An estimated 1.3 million

pieces of unexploded ordnance (UXO), re-

main on or just below the surface. Because of

the presence of UXO, a perimeter fence is

maintained around the property and a large

portion of Big Oaks is restricted from access

to human activities. Unrestricted areas, those

cleared of UXO, were identified for establish-

ing permanent monitoring plots.

The grassland areas, created by agriculture

and maintained through prescribed burns, con-

tain a unique combination of herbaceous and

woody plant species that attract a diversity of

wildlife species. The grasslands were divided

into 27 units ranging in size from 10-1010

ha. The designated units contain large forested

tracts intermixed with grassland areas.

Permanent plots were established in three

unrestricted grassland areas in designated fire

management units within the refuge. Plot lo-

cations were identified with the assistance of

Big Oaks NWR management personnel. Se-

lection was based on management concerns

for plant and animal species occurring in those

grassland areas.

The first grassland site, located in Manage-
ment Area 5, is a 53 ha area formerly used as

a UXO demonstration site where the U.S.

Army tested ordnance-removal techniques.

This site has been heavily altered by fire,

mowing, and extensive earth movement. This

area was last burned during the Spring of

2000 and mowing continues within the dem-
onstration area. The permanent plots were

placed outside of the mowed area.

The second grassland site, located in Man-
agement Area 16, was cleared of UXO and

has been heavily altered by management prac-

tices. Small woodland patches (<0.5 ha) occur

along stream corridors within the grassland.

Fire tolerant woody shrub species are begin-

ning to invade the grassland area, but few

trees are present. Some felled trees, cut prior

to the study period, were observed in the

grassland area.

The third grassland site, located in Man-
agement Area 26, is a 61 ha area that was last

burned in 1999. The area is predominately

open grasslands with small isolated wood-

lands. There is an old home-site located with-

in the area with remnants of vegetation plant-

ed by former settlers.
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Although these grasslands do not constitute

typical tallgrass prairies, these areas are dom-
inated by native plant species. These species

are fire-resistant and tolerant of strongly acidic

soils. The underlying soil conditions, both

acidity and permeability, as well as current

management practices, are likely to ensure

that the present species composition will per-

sist in the future.

The monitoring protocol developed in this

study provides an efficient method to assess

plant community structure and composition.

Resampling these permanently marked plots

would provide meaningful information con-

cerning long-term trends in plant community

structure. The information concerning the

three vegetation strata can be used as a bench-

mark for future monitoring efforts. Maintain-

ing these unique midwestern grasslands is vi-

tal to maintain the unique biodiversity at Big

Oaks National Wildlife Refuge.

METHODS
Within each grassland area, 20 circular

plots, each 10 m in radius, were randomly

placed within 10 m of an 800 m baseline.

Each baseline was oriented so that it occurred

entirely within a single grassland. The center

of each plot was permanently marked with a

steel stake, and Universal Trans Mercatur

(UTM) coordinates (NAD 83) were recorded

using the Global Positioning System (GPS)
with a Garmin GPS III+ receiver. Three dif-

ferent vegetation layers were sampled within

each 10 m radius plot. All sampling was con-

ducted from July-August when herbaceous

vegetation was fully developed.

Overstory.—The overstory layer was de-

fined as woody plants with a diameter at

breast height (dbh) >10 cm. All individual

tree stems within the 10 m radius plot were

recorded. A stem was considered to be inside

the plot if half or more of the stem was within

10 m of the center stake. Species identity and

diameter at 1.4 m above ground (dbh) for

stems >10 cm dbh were recorded.

Stand tables were created for overstory spe-

cies in each grassland area. Stand tables con-

tained frequency of plots in which species oc-

curred, density, basal area, and importance

values for each species. Importance values

provided a measure of the influence of each

species relative to other species present in the

vegetation layer. Importance values were cal-

culated for each species in the overstory layer

by determining the sum of the relative fre-

quency, relative density, and relative basal

area and dividing that sum by three.

Understory.—Sixty understory subplots

were established in each grassland area. Three

2 X 2 m subplots were placed 1. 5, and 9 m
from the center stake along a transect origi-

nating from the center of each overstory plot.

The transect was oriented along one cardinal

direction beginning with the first plot's tran-

sect facing north and rotating the direction 90

degrees clockwise in each subsequent plot.

The understory was defined as woody plants

<1.5 m tall and >0.5 m tall. The number of

stems was recorded for each species of woody
plant identified in the subplots.

A stand table was created for the understory

vegetation layers in each grassland area. The

table consisted of the frequency, density, and

importance values for each species occurring

in this layer. The importance value for each

species in this layer was calculated by deter-

mining the mean of the relative frequency and

relative density for that species.

Ground layer.—The ground layer consist-

ed of all herbaceous plants and woody plants

<0.5 m tall. Three 1 X 1 m plots were placed

at 1 , 5 and 9 m along the same transect as the

understory subplots. Ground layer subplots

were marked with flags to aid in relocating the

plots in the future.

Within each ground layer subplot, species

cover was estimated using a modified Dau-

benmire classification system (Daubenmire

1968). Cover is defined as the area of ground

within a subplot that is occupied by the above

ground parts of each plant species. A species

was considered to be present if any of the ae-

rial portion of the plant was within the 1 \ 1

m subplot. Each species occurring in a subplot

was assigned a cover category based on an

estimate of the percent cover of the subplot

for that species. Only those species w ith a

cover category >2 were considered in the

subsequent analysis.

Frequency and average cover were deter-

mined for each species that occurred in >5%
of the ground layer subplots in an area. Av-

erage cover for each species was determined

by taking the sum o\' all cover estimates for

each individual subplot and di\ iding b\ the

total number of herbaceous subplots (/i = 60).

Importance values were also calculated by de-



10 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

termining the mean of the relative frequency

and relative cover for each species occurring

in this layer.

Nomenclature followed Gleason & Cron-

quist (1991). Voucher specimens were col-

lected from areas adjacent to the permanent

plots and were placed in the Ball State Uni-

versity Herbarium (BSUH). To establish a re-

cord for future monitoring efforts, specimens

were collected for all species observed in the

plot, regardless of frequency.

RESULTS

Overstory.—Fourteen species were record-

ed in the overstory (dbh >10 cm) in the three

grassland areas sampled (Table 1). All over-

story trees had a clumped distribution. No
species occurred in the overstory of all three

areas. Juglans nigra had the highest frequen-

cy, occurring in 4 of 60 (6.7%) overstory

plots. Total overstory stem density was 39.8,

55.8, and 60.2 per ha in Area 5, Area 16, and

Area 26, respectively (Table 1).

Area 5 had nine overstory species in 2001.

Aescules glabra had the highest density (Table

1 ). Carya ovata had the largest basal area

(0.37 m 2/ha) and ranked highest in importance

value (25.0%). Aescules glabra, Cornus flor-

ida, and Liquidamber styraciflua all had im-

portance value >10%. Sassafras albidum was
the only other species represented by more
than one individual (Table 1). One standing

dead tree, apparently killed in the previous

fire, was observed in the overstory plots.

Four species of woody plants occurred in

the plots in Area 16. Trees occurred in only 2

(10%) of the overstory plots. Trees ranged in

size from 10.0-36.6 cm dbh. Liquidamber

styraciflua and Carya ovata were the domi-

nant tree species with importance values of

40.9% and 33.7%. No standing dead trees

were observed in the plots, but some trees

were cut prior to this study.

Area 26 had seven species occurring in the

overstory. Nyssa sylvatica had the highest

stem density and ranked highest in importance

value (Table 1 ). Juglans nigra and Juniperus

virginiana also occurred in more than one plot

and ranked second and third in importance

with 19.7% and 10.1%.

Understory.—There were 16 species in the

understory of the three grassland areas in

2001 (Table 2). Four species {Rhus copallin-

um, Liquidamber styraciflua, Sassafras albi-

dum, and Diospyros virginiana) occurred in

all three plots. Rhus copallinum, the dominant

species in this layer, was found in 42.2% (76

of 180) understory subplots, had the highest

stem densities in two areas, and ranked high-

est in importance value in both Area 5 and
Area 26 (Table 2).

Area 5 had eight species found in the un-

derstory layer but was dominated by Rhus co-

pallinum (76.6 I.V.) due to high stem density

(3792 stems/ha). Rhus copallinum was found

in 95% (57 of 60) of ground layer subplots in

the area. Liquidamber styraciflua was ranked

second in importance and Rubus alleghenien-

sis was third (Table 2).

Seven species of woody plants were ob-

served in the understory layer of Area 1 6 (Ta-

ble 2). Understory subplots had an overall

density of 1,666.7 stems/ha. Twenty-eight out

of 60 (46.7%) subplots had understory woody
vegetation.

Liquidamber styraciflua was the most fre-

quent understory species, occurred in 18% of

the subplots, and had a 39.2% importance val-

ue. Rhus copallinum, the second most domi-

nant species, occurred in only four subplots

(6%) and ranked second in importance value

(Table 2). Robinia pseudoacacia occurred in

three subplots (5%) and had an importance

value of 14.1%.

Ten species were sampled in the understory

layer of Area 26 (Table 2). Rhus copallinum

and Sassafras albidum were the most domi-

nant species observed. Rhus copallinum was

observed in 75% of the subplots with an es-

timated density of 2917 stems/ha. The density

of Sassafras albidum was 1 694 stems/ha. Sev-

eral dead stems of Rhus copallinum, many
with new sprouts, were observed in the sub-

plots.

Ground layer.—The three grassland areas

had a similar species composition (Table 3).

The ground layer was the most diverse layer

with 54 species occurring in this stratum.

Twenty-five of the 54 species (46.3%) oc-

curred in more then one grassland area. Elev-

en species (20%) occurred in all three areas.

Area 5 had 19 species and had a frequency

>5% in the ground layer subplots (Table 3).

Herbaceous dominants included Andropogon
virginicus, Danthonia spicata, and Solidago

juncea. The importance values for these spe-

cies were 22.1%, 16.4%, and 12.9%, respec-

tively. Andropogon virginicus occurred in 46
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out of 60 (77%) subplots and an average cover

of 2.62. One sedge species, Carex bushii, was
observed in three subplots (5%) and an im-

portance value of 1.1%. Two species of Tri-

folium were also observed in the ground layer.

Rubusflagellaris and Rhus copallinum were

the dominant woody species occurring in the

ground layer with importance values of 9.7%
and 7.0%. Rubus flagellaris occurred in 24 out

of 60 (40%) sub-plots and had an average

cover of 0.97. Sassafras albidum was ob-

served in 3 out of 60 (5%) of the subplots and

had a 1.1 % importance value.

Eighteen species were observed in at least

5% of the herbaceous subplots of Area 26 (Ta-

ble 3). Solidago juncea occurred in 58 of the

60 subplots (94%) and had the highest impor-

tance value (26.3). Andropogon virginicus oc-

curred in 33 subplots (55%) and had an im-

portance value of 11.8%. Pycnanthemum
verticillatum and Panicum anceps had impor-

tance values of 10.0% and 9.7%, respectively.

Smilax gluaca was the most dominant

woody species in the ground layer of Area 26,

occurring in 13 subplots (21%) with an im-

portance value of 4.4%. Sassafras albidum

and Rubus flagellaris had importance values

of 4.3% and 2.1%. Rubus allegheniensis was
also observed in three subplots (5%) and had

an importance value of 1.2%.

There were 21 species sampled in >5% of

the ground layer of Area 26 during the sum-

mer of 2001 (Table 3). Andropogon virginu-

cus, Potentilla simplex, and Pycnanthemum
verticulatum were the dominant herbaceous

species. Achillea millifolium and two species

of goldenrod {Solidago) also had importance

values >5.0.

Rubus flagellaris was the most frequent

woody species but occurred in only 27% of

the plots. Rhus copallinum, the most frequent

woody species in 2000, was observed in 10%
of the plots. Sassafras albidum was the only

other woody plant observed in the ground lay-

er of Area 26.

DISCUSSION

Ground layer.—The species composition

of the ground layer in these areas is unique

for Midwestern U.S. grasslands. Typical tall-

grass prairies in the Midwestern U.S. are dom-
inated by big bluestem {Andropogon gerar-

dii), Indian grass {Schizachyrium scoparium),

and switchgrass {Panicum virgatum) (Sims &

Risser 2000). None of these traditional species

occur in the grassland areas monitored in Big

Oaks NWR. The most common grass species

at Big Oaks NWR are Andropogon virginicus,

Dathonia spicata, Panicum anceps, and
Phleum pretense.

One reason why these areas do not contain

typical tallgrass species may be attributed to

soil conditions. Numerous studies have de-

scribed the vegetation patterns of tallgrass

prairies based on the underlying substrate

(Nelson & Anderson 1983; Nelson 1985; Um-
banhowar 1992; Robertson et al. 1997). Tail-

grass species occur in areas with dry, non-

acidic, dolomite limestone substrate. The
substrate underlying the grassland areas at Big

Oaks NWR is classified as Alfisols primarily

Cobbsfork-Avonburg and Cincinnati-Ross-

moyne soil associations (McWilliams 1985).

The Avonburg series is described as having

slow permeability and typically poorly-

drained soils (McWilliams 1985). These soils

also have strongly to very strongly acidic top

layers. These soil associations have topsoil pH
values as low as 4.0 (McWilliams 1985).

These low pH levels are not conducive to

most tallgrass prairie species.

Andropogon virginicus was the most abun-

dant herbaceous species in the ground layer.

This species should continue to be dominant

in these grasslands because it is well suited to

grow in poorly-drained acidic soils like those

at Big Oaks NWR (Lewis & Harshberger

1976). This species is dependant on periodic

disturbance to maintain its abundance. Fire

kills the top-growth portion of the plant, but

meristems survive springtime burns (Hughes

et al. 1991). New shoots have been observed

growing from these meristems four days after

a fire (Hughes et al. 1991).

The second most common herbaceous spe-

cies was Solidago juncea. The growth of Sol-

idago juncea, like most Solidago species, is

generally enhanced by fire. New shoots grow
from the underground rhizomes immediately

following a burn. Solidago species respond fa-

vorably to spring burns by increasing in stem

density with each subsequent burn (Medve

1984). If the current fire regime is maintained,

both Solidago juncea and Solidago canaden-

sis should continue to maintain or increase in

dominance in these grassland areas.

One species of particular interest, Rhexia

mariana van mariana, was observed in Area
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16. However, it occurred in less than 5% of

the ground layer subplots and was not includ-

ed in the quantitative analysis. Rhexia mari-

ana var. mariana is listed as a state-endan-

gered plant in Indiana. This species thrives in

wet, acid grasslands; and benefits from fre-

quent disturbances (Craine 2002). The fre-

quent burns in Area 16 may be promoting this

species. We observed a reduction in the oc-

currence of this species in subsequent years.

Overstory.—No tree species occurred in

the overstory of all three study areas. Fur-

thermore, tree species had a clumped distri-

bution, occurring in only 8 of the 60 (13%)
permanent plots. Typically, overstory trees

were located along streams and in depression-

al areas where increased moisture and reduced

fuel loads may prevent prescribed burns from

having an impact. Because these trees occur

in isolated depressional areas they may not

have serious negative impact on grassland

habitat quality. If the goal of management
continues to be the removal of overstory trees

then mechanical elimination may be neces-

sary.

The two dominant species in the overstory

layer of the three study areas, Nyssa sylvatica

and Liquidamber styraciflua, are relatively fire

resistant and readily sprout new shoots (Miller

1990). Even when aboveground portions of

young trees are killed by fire, they typically

survive and spread by root sprouting. These

species, along with Sassafras albidum, will

continue to be present in these plots as evi-

denced by their occurrence in both the ground

and the understory layers.

Understory.—Many of the species occur-

ring in the understory in these areas have been

identified as fire-tolerant and thrive in fire-

managed areas. Keely (1992) defined those

shrubs that sprout the first season after a fire

as fire recruiter species. These fire recruiter

species can increase in abundance as a result

of prescribed burns from either root sprouts or

seedling sprouts.

Rhus copallinum was the dominant species

in this layer. Density estimates for the three

areas ranged from 416 stems/ha to 3791

stems/ha in 2001, suggesting that past burns

may not be controlling this species. Although

prescribed burns kill the above ground portion

of Rhus copallinum, fire also stimulates root

sprouting (Evans 1983). Species abundance
increases as a result of increased stem pro-

duction following a fire. In Tennessee, the

density of Rhus copallinum in burn plots in-

creased 50-88% (Deselm et al. 1991 j. Several

standing dead stems of this species were ob-

served in the grasslands at Big Oaks NWR.
and multiple living sprouts were noted at the

base of many of these dead stems. If this spe-

cies is chosen for removal or density reduc-

tion, then other management practices may be

necessary to control this species. Sampling

this layer in subsequent years should provide

more evidence of burn effects.

Other fire-resistant woody species also oc-

curred in the understory layer. Both Liquidam-

ber styraciflua and Sassafras albidum oc-

curred in the understory of all three areas. Fire

can reduce the above ground portion of these

species, but only hot summer fires are effec-

tive in killing their root stalks (Chen et al.

1975). Both species readily sprout from the

root portion after winter or spring burns. The

spring burns at Big Oaks NWR should reduce

standing individuals, but roots sprouts will ap-

pear in subsequent years. In fact. Sassafras

albidum was observed in the ground layer of

all three areas.
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AN INVENTORY OF THE HERBACEOUS PLANTS
OF THE TWIN SWAMPS NATURE PRESERVE,

POSEY COUNTY, INDIANA

Rick Mark and Scott A. Gordon: Biology Department, University of Southern

Indiana, Evansville, Indiana 47712 USA

ABSTRACT. Twin Swamps is a 242 ha nature preserve located in Posey County in the extreme south-

western corner of Indiana. This area, containing one of the few remaining swamp cottonwood, bald

cypress, and overcup oak swamps in Indiana, is owned and maintained by the Division of Nature Preserves

of the Indiana Department of Natural Resources (IDNR). Twin Swamps was set aside by the state in 1987

to preserve one of Indiana's few remaining bald cypress swamps. This study presents an initial inventors

of herbaceous flowering plants found in the preserve. A total of 139 species of plants is listed in this

study. The study is also presented on a web site that includes photographs of most species listed. The

web site indexes the species by habitat, flowering period, and flower color. The following is the URL:
(www.usi.edu/science/biology/TwinSwamps/Wildflowers_of_Twin_Swamps.htm)

Keywords: Twin Swamps Nature Preserve, Indiana, Posey County, flora, bald cypress

Twin Swamps Nature Preserve is a 242 ha

wooded area very close to the confluence of

the Wabash and Ohio rivers in the extreme

southwest corner of Indiana (Figs. 1, 2). A
trail leads visitors to two separate swamp ar-

eas, one dominated by bald cypress {Taxo-

dium distichum) and the other dominated by

overcup oak (Quercus lyrata).

The Twin Swamps Nature Preserve is

owned and maintained by the Indiana Depart-

ment of Natural Resources. The IDNR set the

land aside in 1987 to ensure the survival of

bald cypress trees in the state. These trees

were once abundant along the river bottoms

of southwestern Indiana; but their population

has decreased in part due to overgrazing, log-

ging, farming, and the damming of the Ohio
River for navigational purposes (Ridgway

1872; Lindsey 1962; Abrell 1997). The re-

mains of another large stand of Taxodium can

be seen at Hovey Lake, which is about 3.2 km
southeast of Twin Swamps Nature Preserve.

However, the nearby river dam has raised the

level of Hovey lake, permanently inundating

the Taxodium and threatening their survival.

Twin Swamps represents an ecological re-

gion known as the Southern Bottomlands o(

Indiana (Homoya et al. 1985). This region,

which hugs the lower Wabash and Ohio rivers,

has one of the state's longest growing periods.

Temperatures, rainfall and humidity are high

and winters are mild. As a result. Twin

Swamps vegetation has a close afflnitx with

the lower Mississippi Valley and Gulf Coast

Plain (Homoya et al. 1985; Abrell 1997;

Deam 1940). The climatic conditions and the

environmental pressures listed above have re-

sulted in many plants located in this area to

be considered as endangered or threatened

(IDNR 1993).

While several studies have included plants

from the southwestern Indiana region and Po-

sey County (Deam 1940; Homoya 1983.

1987; Homoya & Abrell 1986; Homoya £
Hedge 1990), no studies have concentrated

specifically on the Twin Swamps Nature Pre-

serve. This study consists of an initial inven-

tory of herbaceous plants found in the Twin

Swamps Nature Preserve.

METHODS

During the 1997. 1998. and part of the 1999

growing seasons, several forays per week
were made into the study area. Collections

were preserved following standard protocol

(Walters & Keil 1996). Collections are stored

in the University of Southern Indiana Herbar-

ium (USIH). Notes on vegetation consisted of

estimates of abundance, seasonal presence,

and habitat location. For purposes of this

study, the following terminology is used to il-

lustrate abundance: sparse - fewer than five

17



18 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

Figures 1, 2.— 1. Map of Indiana showing Posey County (darkened)

the location (*) of the Twin Swamps Nature Preserve.

Posey County enlarged, showing

plants seen at preserve; infrequent—seen oc-

casionally, but not widespread; frequent

—

widespread and easily noticed, may be locally

abundant in certain habitats; abundant—seen

in great numbers, though may be restricted to

specific habitats.

RESULTS

The attached list of plants includes 139 spe-

cies identified for this study representing 1 15

genera and 53 families. Gleason and Cron-

quist (1991) was used as the primary taxo-

nomic and nomenclatural reference. Several

standard reference books were used as taxo-

nomic references and aids for identification

(Britton & Brown 1915; Deam 1940; Gleason

& Cronquist 1991; Mohlenbrock 1986; Moh-
lenbrock & Voigt 1959; Venning 1984; and

Wharton 1971, 1973).

Habitat Descriptions.—Twin Swamps Na-

ture Preserve is transected by a trail that pass-

es through a variety of habitats. The trail be-

gins in a parking area and passes through an

open field that gradually slopes down to a

wooded area. The trail passes one end of the

overcup oak slough and over 0.8 km of low-

lying, poorly-drained flatwoods, primarily of

oak {Quercus spp.) and hickory {Carya spp.)

trees. The trail then rises gradually about a

meter to a higher area of better-drained soil.

The trail then drops sharply to the bald cy-

press swamp. IDNR has provided a boardwalk

that extends into the swamp to a raised plat-

form among the cypress trees. A secondary

trail continues through the "high, dry woods"
to the overcup oak slough, gradually descend-

ing approximately a meter. This trail passes

the oak slough and loops back to the main

trail. Land elevation in this part of Indiana is

approximately 107 m above sea level.

For the purposes of this inventory, five hab-

itats have been designated: field; low, wet

woods; low, dry woods; high, dry woods; cy-

press swamp.
The habitats are distinguished by varying

degrees of shade and by the amount of soil

drainage. Very subtle changes in elevation

seem to have a profound effect on how much
moisture the soil contains in different areas of

the preserve. Some areas tend to dry out

quickly, while others often have standing wa-

ter or mud that dries slowly.

The plant communities tend to be distinc-

tive in each zone. With a few notable excep-

tions (such as Oxalis sp. and Toxicodendron

radicans), plants in one habitat tend not to be

found in the other habitats.

It has been observed that herbaceous plants

in the "low, wet woods" tend to grow no

more than 1 m high (Phlox glaberrima,

smooth phlox, is typical); those in the "low,
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dry woods" may reach slightly over 1 m (such

as Verbesina helianthoides, yellow crown-

beard); those in the "high, dry woods" may
reach 2 m or more (Phytolacca americana is

dominant and this area has been dubbed the

"pokeweed forest").

This height variation is seasonal. Water lev-

els at the preserve are typically higher in the

spring. In the early spring, the only plants in

flower at the preserve are found in the high,

dry woods and these tend to be no more than

0.3 m tall (e.g., Thalictrum thalictroides, rue

anemone). Toward the end of summer, when
the soil has had a chance to dry out, taller

plants may be found in the low, wet woods
(such as Lobelia cardinalis, cardinal flower,

and Vernonia fasciculata, ironweed).

Field.—(This habitat is generally open and

dry, with some low-lying, wet areas.)

The open area between the parking lot and

the woods is dominated by Andropogon vir-

ginicus (broom sedge), which gives the field

a golden tan appearance most of the year. Oth-

er notable flowering plants are those which are

seen in most fallow fields of southwestern In-

diana especially the asters {Aster spp.) and

goldenrods (Solidago spp.) of late summer.

Some areas of the field are lower and more
poorly-drained than others. These areas have

some plants, such as Asclepias incarnata

(swamp milkweed) and Lycopus rubellus

(stalked water horehound) that do not seem to

appear in other areas of the preserve.

A stand of young sweet gum trees (Liquid-

ambar styraciflua) is conspicuous in the mid-

dle of the field. At the edge of the parking lot

is a large shingle oak tree {Quercus imbricar-

ia). At the parking lot and at the entrance to

the woods, black locust trees (Robinia psen-

doacacia) are dominant.

The habitats of Twin Swamps Nature Pre-

serve are relatively free in invasive or exotic

species, with the notable exception of the

open field area. The open field contains sev-

eral small populations of Alliaria petiolata

(garlic mustard) and abundant populations of

Lonicera japonica (Japanese honeysuckle) at

the edge of the low, wet woods.

Low, wet woods.—(This habitat is well-

shaded, poorly drained, and is generally mud-
dy with areas of standing water.)

The environment changes dramatically at

the entry way to the woods. Open areas give

way to deep shade and the trail, which slopes

downward through the field, bottoms out in

an area that is usually muddy and often has

standing water of approximately 2-10 cm in

depth.

Trees are plentiful in this area, despite the

water. Carya ovata (shagbark hickory), Ulmus
rubra (slippery elm), and Quercus spp. (oaks)

are most common. Most of the trees carry

Toxicodendron radicans (poison ivy) vines.

which thrive throughout the woods.

In early spring (through April), very few

plants are be in flower in the low. wet woods.

Only three plants have been recorded: Viola

papilionacea (common violet). Ranunculus

septentrionalis (swamp buttercup, which does

well even in standing water), and Cardamine
bulbosa (spring cress).

By mid-May, however, spots of color can

be found throughout the low, wet area. The

purple, white, and yellow flowers of Phlox

glaberrima (smooth phlox), Penstemon cillu-

viorum (lowland beardstongue). and Krigia

biflora (false or dwarf dandelion) are conspic-

uous (though not abundant). These predomi-

nant plants tend to be no more than 1—2 m
tall.

In June, the plant inventory includes Hed-

yotis purpurea var. calycosum (a white flower

in the Rubiaceae family, difficult to identify ).

Wharton (1971) calls it Houstonia lanceolata

and Deam (1940) does not separate var. ca-

lycosa from H. purpurea. Also notable are Ar-

isaema dracontium (green dragon). Pycnan-

themuni tenuifolium (slender mountain mint).

Potentilla simplex (common cinquefoil), and

early specimens of Impatiens capensis (spot-

ted jewelweed).

By the end of July, this area supports an

abundance of Laportea canadensis (wood net-

tle) and Boehmeria cylindrica (false nettle).

Also flowering at this time is the poisonous

Cicuta maculata (water hemlock) and Hack-

elia virginiana (stickseed). More unusual are

a few specimens of Ludwigia alternifolia

(seedbox. with its cube-shaped seedpod, that

rattles when shaken).

In August, some taller plants flower. Prom-

inent are Mimulus a Lints (the southern species

of monkey flower: both purple and more un-

commonly white-flowered forms). Lobelia

cardinalis (red cardinal flower), and Vernonia

fasciculata (ironweed). Also notable are Des-

modium paniculatum (panicled tick trefoil).

Polygonum hydropiperoides (mild water pep-
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per), and Euphorbia corollata (flowering

spurge, which was seen in 1997 and 1999, but

not in 1998).

Low, dry woods.—(This habitat is well-

shaded and often wet but dries out more read-

ily than the low, wet woods habitat.)

As the trail rises out of the moist flood-

prone portion of the preserve, it branches in

two directions. The main trail continues west

toward the cypress swamp. A secondary trail

heads southwest to skirt the overcup oak

slough. This secondary trail rises slightly into

an area of somewhat better-drained soil.

Though the slope is nearly imperceptible, the

plant community changes significantly.

In the early spring (through April), few spe-

cies bloom in the low, dry area. The only

plants noted in this study are Thalictrum thal-

ictroides, Viola eriocarpa (smooth yellow vi-

olet), and V. papilionacea.

Through May, however, a number of new
species come into bloom. These plants, which

tend to reach 0.5-1.5 m in height, include As-

clepias purpurascens (purple milkweed),

Phryma leptostachya (lopseed), Porteranthus

stipulatus (American ipecac or Indian physic),

Ruellia strepens (wild petunia), Smilacina ra-

cemosa (false Solomon's seal), and Verbesina

helianthoides (yellow crownbeard). Also seen

are several species noted in the low, wet

woods.

By the end of July, species in this habitat

include Agrimonia rostellata (woodland agri-

mony), Chasmanthium latifolium (spangle

grass), Helianthus divaricatus (woodland sun-

flower), Lobelia inflata (Indian tobacco), Oen-

othera biennis (evening primrose), Polygonum
virginiannm (Virginia knotweed), Silene Stel-

lata (starry campion), and Verbena urticifolia

(white vervain), to name the most conspicu-

ous.

Through August, the selection of flowering

species changes little. Many of the plants

found in July continue to bloom. A notable

addition is Hymenocallis caroliniana (spider

lily), a showy species of southern swamplands
that may reach its northern limit in Posey

County.

High, dry woods.—(This habitat is well-

shaded and well-drained without standing wa-

ter.)

The main trail continues through low-lying

woods for about 0.8 km, when it rises notice-

ably. The rise is not great, only about 1 m,

but it creates an area of much drier soil. The
plant community changes significantly. The
secondary trail, which passed through the

"low, dry woods" as it skirted the overcup

oak slough, turns north and eventually also

rises into the high, dry woods.

Throughout the growing season, the variety

of flowering plants is greatest in this section

of the preserve. Plants here tend to grow tall.

Through April, this is the area of the pre-

serve where one is most likely to find plants

in flower. The first to bloom are Claytonia vir-

ginica (spring beauty), Dentaria laciniata

(cut-leaved toothwort), and Thalictrum thal-

ictroides. They will be followed by Corydalis

flavula (yellow corydalis), Cynoglossum vir-

ginianum (wild comfrey or hound's-tongue),

Geranium maculatum (wild geranium), and

Uvularia sessilifolia (sessile-leaved bellwort).

In mid-April, an area between the secondary

trail and the cypress swamp supports a large

number of Mertensia virginica (Virginia blue-

bells). Along the secondary trail, several spec-

imens of Lithospermum latifolium (American

gromwell) may be seen. Also notable as they

bloom in the spring are the woody Lindera

benzoin (spicebush) and Asimina triloba

(pawpaw tree).

Several other species start to flower by mid-

June. These include Arisaema dracontium, Ar-

isaema triphyllum (Jack-in-the-pulpit), Ble-

philia hirsuta (hairy wood mint), Desmodium
glutinosum (pointed-leaf tick trefoil), Phyto-

lacca americana (the abundant pokeweed).

Podophyllum peltatum (mayapple), and Stach-

ys tenuifolia (smooth hedge-nettle).

At the end of July, a new selection of species

is in flower. These plants, which grow 1-2 m
tall, include Aralia racemosa (American
spikenard), Campanula americana (tall bell-

flower), and Eupatorium purpureum (purple

Joe-pye weed).

In August Eupatorium rugosum (white

snakeroot), Helianthus microcephalus (small

wood sunflower), Pilea pumila (clearweed),

Scrophularia marilandica (late rigwort), Sol-

idago caesia (blue-stemmed goldenrod), and

Verbesina altemifolia (yellow ironweed) are

added.

By the end of September, most species at

the preserve have gone to seed. A notable ex-

ception is the abundant Eupatorium rugosum,

whose white flowers are conspicuous in the

high, dry woods well into October.
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Cypress swamp.—(This habitat is well-

shaded, usually with standing water that varies

from a few centimeters to an estimated depth

of 0.5 m as judged by traces of a waterline on

the cypress trees.)

The variety of flowering plants is much
smaller in the cypress swamp than in the rest

of the preserve. Only plants that can thrive in

standing water are found in this habitat.

The dominant tree in the swamp is bald cy-

press tree (Taxodium distichum). According to

the IDNR list (1993), Taxodium distichum is

listed as threatened in Indiana. Another prom-

inent tree is Populus heterophylla (swamp
cottonwood), which in May drops cotton-like

clusters of seeds that float on the dark waters

of the swamp.

The only flowering species noted in April

is Ranunculus flabellaris (yellow water but-

tercup). Also in April, the surface of the

swamp is often covered with duckweed (Lem-

na sp.).

In May, the unusual Hottonia inftata (feath-

erfoil) might be seen. This aquatic plant is

sparse in some years and abundant in others.

According to the IDNR list (1993). Hottonia

inflata, is listed as a threatened species in In-

diana.

Cephalanthus occidental is (buttonbush)

and Rosa palustris (swamp rose) come into

bloom in June. At the edge of the swamp, in

very shallow water, is a large stand of Sau-

rurus cernuus (lizard's tail).

In September, Bidens discoidea (swamp
beggar-tick) comes into flower. The incon-

spicuous orange flowers may be seen in large

numbers as summer ends.

APPENDIX 1

Catalog of Vascular Plants of the Twin Swamps Nature Preserve

(arranged alphabetically by family)

DIVISION POLYPODIOPHYTA

Thelypteridaceae

Phegopteris hexagonoptera (Michx.) Fee: Broad

beech fern; high, dry woods; common, but in only

a few locations; USIH 963.

DIVISION MAGNOLIOPHYTA

Acanthaceae (Acanthus Family)

Ruellia strepens L.: Smooth ruellia or wild pe-

tunia; May (blooming); low, dry woods; infrequent;

narrow range; USIH 945.

Anacardiaceae (Cashew Family)

Toxicodendron radicans (L.) Kuntze: Common
poison ivy; low, wet to high, dry woods; abundant

in all habitats; USIH 914.

Apiaceae (Carrot Family)

Cicuta maculata L.: Water hemlock; July-Au-
gust; low, wet woods; frequent; USIH 968.

Cryptotaenia canadensis (L.) DC: Honewort;

June; low, dry to high woods; abundant in dry.

shady woods; USIH 940.

Daucus carota L.: Queen Anne's lace; July-Au-

gust; fields; infrequent in open field; USIH (-)73.

Sanicula canadensis L.: Canadian black snake-

root; May; low, dry woods; infrequent: USIH 985.

Sanicula gregaria Bickn.: Common snakeroot;

May; low, dry woods; frequent; USIH L)48.

Apocynaceae (Dogbane Famih
I

Apocynum cannabinum L.: Indian hemp: June:

field; common; USIH 961.

Araceae (Arum Family)

Arisaema dracontiinn (L.) Schott.: Green dragon:

May; low wet; low dry; high dry woods: frequenc\

varies - hard to find some years, frequent in others;

thrives in poorly-drained soil: USIH L)2 L
).

Arisaema triphyllum (L.) Schott.: Jack-in-the-

pulpit; May; high, dry woods: infrequent: prefers

well-drained soil; USIH 954.

Araliaceae (Ginseng Famih i

Aralia racemosa L.: American spikenard: Jul\

:

high, dry woods; infrequent and sparse: USIH 986.

Asclepiadaceae (Milkweed Famih i

Asclepias incarnata L.: Swamp milkweed: Au-

gust; held; infrequent: in poorly-drained area of

field; USIH 988.

Asclepias purpurascens I-.: Purple milkweed:

May-June: low. dr\ woods: infrequent, but con-

spicuous; limited habitat: USIH 938.

Asteraeeae (Aster Famih
|

Achillea millefolium L.: Common yarrow; May;

Beld; infrequent: USIH 994.

Ambrosia arremisiifolia L.; Common ragweed;

August: held: abundant: USIH 975.

Aster ericoides L.: Heath aster: August-Septem-

ber: held: frequent: USIH ^4.
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Aster pilosus Willd.: Frost-weed aster; Septem-

ber; low, wet woods; infrequent; USIH 976.

Bidens aristosa (Michx.) Britt.: Western tickseed

sunflower; August; field; infrequent, though very

conspicuous; USIH 989.

Bidens discoidea (Torr. & Gray) Britt.: Swamp
beggar-tick; August-September; cypress swamp;

abundant; USIH 990.

Boltonia asteroides (L.) L'Her.: False aster; Au-

gust; field; sparse; USIH 927.

Cirsium discolor (Muhl.) Spreng.: Field thistle;

August-September; field; frequent; USIH 1018.

Conyza canadensis (L.) Cronq.: Horseweed; Au-

gust; field; frequent; USIH 1019.

Erigeron annuus (L.) Pers.: Daisy fleabane; June-

August; field; frequent; USIH 1020.

Eapatorium coelestinum L.: Mistflower; August;

low, wet woods; sparse; USIH 971.

Eupatorium perfoliatum L.: True boneset; Au-

gust; field; infrequent; USIH 1027.

Eupatorium purpureum L.: Purple Joe-pye weed;

July-August; high, dry woods; infrequent; USIH
993.

Eupatorium rugosum Houtt.: White snakeroot;

August-September; high, dry woods; abundant;

conspicuous; USIH 987.

Eupatorium serotinum Michx.: Late or false

boneset; August; field; infrequent; USIH 1024.

Euthamia graminifolia (L.) Salisb.: Grass-leaved

goldenrod; August; low, moist areas of field; abun-

dant; USIH 1025.

Gnaphalium obtusifolium L.: Old-field balsam

(rabbit-tobacco); August; field; infrequent; USIH
1023.

Helianthus divaricatus L.: Woodland sunflower;

July-August; low, dry woods; frequent and con-

spicuous; USIH 1006.

Helianthus microcephalus Torr. & Gray: Small

wood sunflower; August; high, dry woods; sparse;

USIH 1007.

Helianthus sp.: Species unknown; July-August;

field; infrequent; USIH 1008.

Krigia hiflora (Walt.) Blake: Dwarf or false dan-

delion; May; low, wet woods; infrequent, conspic-

uous; USIH 932.

Lactuca biennis (Moench) Fern.: Tall blue let-

tuce; August-September; low, dry woods; infre-

quent; USIH 1022.

Prenanthes altissima L.: Rattlesnake root or tall

white lettuce; August-September; high, dry woods;

sparse; USIH 970.

Senecio glahellus (Poir. ): Butterweed; April-

May; low, dry woods; common; USIH 946.

Solidago caesia L.: Blue-stemmed or woodland

goldenrod; September-October; high, dry woods;

infrequent; USIH 1002.

Solidago canadensis L.: Tall goldenrod; August-

September; field; abundant; USIH 1003.

Solidago juncea Ait.: Early goldenrod; July;

field; abundant; USIH 1004.

Solidago nemoralis Ait.: Gray goldenrod; Au-
gust-September; field; frequent; USIH 1005.

Taraxacum officinale Weber: Common dandeli-

on; field; frequent; USIH 1021.

Verbesina alternifolia (L.) Britt.: Yellow iron-

weed or wingstem; August-September; high, dry

woods; common; USIH 977.

Verbesina helianthoides Michx.: Yellow crown-

beard; June; low, dry woods; infrequent; USIH 947.

Vernonia fasciculata Michx.: Ironweed; August;

low, wet woods; infrequent; USIH 965.

Balsaminaceae (Touch-Me-Not Family)

Impatiens capensis Meerb.: Spotted (orange)

jewelweed; June-August; low, wet to low, dry

woods; abundant; USIH 931.

Berberidaceae (Barberry Family)

Podophyllum peltatum L.: Mayapple; April-May;

high, dry woods; abundant; USIH 950.

Bignoniaceae (Trumpet Creeper Family)

Campsis radicans (L.) Seem.: Trumpet creeper;

June-July; field; sparse, although abundant along

nearby roads; USIH 962.

Boraginaceae (Borage Family)

Cynoglossum virginianum L.: Hound's tongue or

wild comfrey; April; high, dry woods; infrequent;

USIH 921.

Hackelia virginiana L.: Stickseed; July; low, wet

to high, dry woods; abundant; USIH 964.

Lithospermum latifolium Michx.: American
gromwell; April-May; high, dry woods; Infrequent;

USIH 925.

Mertensia virginica (L.) Pers.: Virginia bluebell;

April; high, dry woods; abundant in certain loca-

tions; USIH 918.

Myosotis verna Nutt.: Scorpion grass; May; field;

infrequent; USIH 1028.

Brassicaceae (Mustard Family)

Alliaria petiolata (Bieb.) Cavara & Grande: Gar-

lic mustard; April; field; frequent; USIH 1032.

Cardamine bulbosa (Schreb.) BSR: Spring cress;

April; low, wet woods; frequent; USIH 915.

Dentaria laciniata Muhl.: Cut-leaved toothwort;

March-April; high, dry woods; frequent; USIH 922.

Caesalpiniaceae (Caesalpinia Family)

Cassia fasciculate Michx.: Partridge pea; July-

August; field; frequent; USIH 1031.

Campanulaceae (Bellflower Family)

Campanula americana L.: Tall bellflower; July-

August; high, dry woods; infrequent; USIH 967.

Triodanis perfoliata (L.) Nieuwl.: Venus's look-

ing-glass; May-June; field; infrequent; USIH 966.
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Caprifoliaceae (Honeysuckle Family)

Lonicera japonica Thunb.: Japanese honeysuck-

le; May; field; abundant at edge of woods; USIH
1029.

Caryophyllaceae (Pink Family)

Dianthus armeria L.: Deptford pink; June; field;

infrequent; USIH 991.

Silene stellata (L.) Ait.: Starry campion; June-

August; low, dry woods; infrequent; USIH 992.

Convolvulaceae (Morning Glory Family)

Ipomoea pandurata (L.) G.FW Mey: Wild po-

tato vine; July-August; field; frequent and conspic-

uous; USIH 1034.

Cuscutaceae (Dodder Family)

Cuscuta gronovii Willd.: Dodder; August-Sep-

tember; field; infrequent; USIH 1041.

Dioscoreaceae (Yam Family)

Dioscorea villosa L.: Wild yam; June; high, dry

woods; sparse; USIH 1043.

Euphorbiaceae (Spurge Family)

Euphorbia corollata L.: Flowering spurge; Au-

gust; low, wet woods; sparse; USIH 1045.

Fabaceae (Pea Family)

Desmodium glabellum (Michx.) DC: Tick tre-

foil; August; low, wet woods; frequent; USIH 1036.

Desmodium glutinosum (Muhl.) Wood: Pointed

tick trefoil; June-July; high, dry woods; Infrequent;

USIH 949. Desmodium paniculatum (L.) DC.:

Panicled tick trefoil; August; field and low, wet

woods; infrequent; USIH 1035.

Lespedeza virginica (L.) Britt.: Slender bush clo-

ver; August; field; frequent and conspicuous; USIH
1030.

Trifolium pratense L.: Red clover; June; field; in-

frequent; USIH 995.

Trifolium repens L.: White clover; July-August;

field; frequent; USIH 996.

Geraniaceae (Geranium Family)

Geranium carolinianum L.: Wild cranesbill;

May; field; infrequent; USIH 997.

Geranium maculatum L.: Wild geranium; April;

high, dry woods; infrequent; USIH 920.

Hypericaceae (St. John's Wort Family)

Hypericum punctatum Lam.: Spotted St. John's

wort; July; field; infrequent; USIH 1037.

Lamiaceae (Mint Family)

Blephilia hirsuta (Pursh) Benth.: Hairy wood-
mint; June-August; high, dry woods; frequent:

USIH 953.

Lamium sp.: Dead nettle; March-April; field;

USIH 1009.

Lycopus rubellus Moench.: Stalked water hore-

hound; August; field; infrequent in poorly-drained

areas of field; USIH 1010.

Prunella vulgaris L.: Self-heal or heal-all: July-

August; field to low, dry woods: frequent: USIH
1033.

Pycnanthemum tenuifolium Schrad.: Slender

mountain mint; June-July; low, wet to low. dr\

woods; frequent; USIH 936.

Stachys tenuifolia Willd.: Smooth hedge-nettle:

June-August; high, dry woods; frequent: L'SIH 952.

Lauraceae (Laurel Family)

Lindera benzoin (L.) Blume: Spicebush; March-

April; high, dry woods; frequent; USIH 923.

Lemnaceae (Duckweed Family)

Lemna sp.: Duckweed; cypress swamp, overcup

oak slough; abundant; USIH 956.

Liliaceae (Lily Family)

Hymenocallis caroliniana (L.) Herb.: Spider-lih:

August; low, dry woods; sparse; USIH 979.

Smilacina racemosa (L.) Desf.: False Solomon"s

seal; April-May; low, dry to high, dry woods; in-

frequent; USIH 1038.

Uvularia sessilifolia L.: Sessile-leaved bellwort;

April; high, dry woods; infrequent; USIH 926.

Lobeliaceae (Lobelia Family)

Lobelia cardinalis L.: Cardinal flower: August:

low, wet woods; infrequent; USIH 1012.

Lobelia inflata L.: Indian tobacco: July; low, dr\

woods; infrequent; USIH 1011.

Onagraceae (Evening Primrose Famih )

Circaea lutetiana Aschers. & Magnus: Enchant-

er's nightshade; May-June; high, dry woods: infre-

quent; USIH 978.

Ludwigia alternifolia L.: Seedbox; Jul) : low. wet

woods; infrequent; USIH 1040.

Oenothera biennis L.: Evening primrose: June-

August; low, dry woods and field: infrequent: I S1H

1039.

Oxalidaceae (Wood Sorrel Famih
|

O.xalis dillenii J acq.: Yellow wood sorrel: May-
August; field to high, drv woods: abundant: USIH
933.

Papaveraceae (Popp\ Famih )

Corydalis flavula (Raf.) DC.: Yellow corydalis;

April: high, dry woods: frequent: USIH L>24.

Passifloraceae (Passion-Flower Famih
|

Passiflora lutea L.: Yellow passionflower; July;

field; sparse: USIH 1042.

Phrymaceae (Lopseed Famih
|

Phryma leptostachya L.: Lopseed: June-July;

low. drv to hieh. dr\ woods: abundant: LS1H 943.
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Phytolaccaceae (Pokeweed Family)

Phytolacca americana L.: Pokeweed; June-July;

high, dry woods; abundant; USIH 1017.

Plantaginaceae (Plantain Family)

Plantago major L.: Common plantain; July;

rield; abundant; USIH 1044.

Poaceae (Grass Family)

Agrostis sp.: August; low, wet woods; frequent;

USIH 1026.

Andropogon virginicus L.: Broom sedge; August;

field; abundant; USIH 1056.

Chasmanthium latifolium (Michx.) Yates: Span-

gle grass or sea oats; June-October; low, dry woods;

infrequent; USIH 939.

Leersia lenticularis Michx.: Catchfly grass; Au-

gust; low, wet woods; infrequent; USIH 1046.

Setaria glauca (L.) Beauv.: Foxtail; August-Sep-

tember; field to low, dry woods; abundant; USIH
981.

Polemoniaceae (Phlox Family)

Phlox glaberrima L.: Smooth phlox; May-Au-
gust; low, wet woods; abundant; USIH 934.

Polygonaceae (Smartweed Family)

Polygonum hydropiperoides Michx.: Mild water

pepper; August-September; low, wet woods; infre-

quent; USIH 1047.

Polygonum pensylvanicum L.: Pennsylvania

smartweed; August; field (wet areas); infrequent;

USIH 980.

Polygonum virginianum L.: Virginia knotweed;

July-August; low, dry to high, dry woods; abun-

dant; USIH 1049.

Portulacaceae (Purslane Family)

Claytonia virginica L.: Spring beauty; March-

April; high, dry woods; abundant; USIH 919.

Primulaceae (Primrose Family)

Hottonia inflata Ell.: Featherfoil; May; cypress

swamp and overcup oak slough; abundant some
years, sparse in others; USIH 1058.

Ranunculaceae (Buttercup Family)

Ranunculus flabellaris Raf.: Yellow water butter-

cup; April; cypress swamp; infrequent; USIH 927.

Ranunculus septentrionalis Poir.: Swamp butter-

cup; April; low, wet woods; infrequent; USIH 913.

Thalictrum thalictroides (L.) Eaves & Boivin:

Rue anemone; April; high, dry woods; frequent;

USIH 916.

Rosaceae (Rose Family)

Agrimonia rostcllata Wallr.: Woodland agrimo-

ny; July-August; low, dry woods; infrequent; USIH
1013.

Geum canadense Jacq.: White avens; June-Au-
gust; low, dry woods; infrequent; USIH 942.

Porteranthus stipulatus (Muhl.) Britt.: Indian

physic or American ipecac; May-June; low, dry

woods; infrequent; USIH 944.

Potentilla simplex Michx.: Common cinquefoil;

May; low, wet woods; infrequent; USIH 935.

Rosa multiflora Thunb.: Multiflora rose; May;
field; frequent; USIH 983.

Rosa palustris Marsh.: Swamp rose; June; cy-

press swamp; sparse; USIH 958.

Rosa setigera Michx.: Prairie rose; June; field;

infrequent; USIH 984.

Rubus sp.: Blackberry; May; field; abundant;

USIH 982.

Rubiaceae (Madder Family)

Cephalanthus occidentalis L.: Buttonbush; June;

cypress swamp; abundant; USIH 955.

Galium aparine L.: Cleavers; May-June; low,

wet to low, dry woods; frequent; USIH 998.

Galium triflorum Michx.: Sweet-scented bed-

straw; June; low, wet woods; infrequent; USIH
1015.

Galium sp.: Bedstraw; May-June; low, dry

woods; frequent; USIH 941.

Hedyotis purpurea var. calycosum (Gray) Fos-

berg:Houstonia; May; low, wet woods; frequent;

USIH 930.

Saxifragaceae (Saxifrage Family)

Penthorum sedoides L.: Ditch stonecrop; August;

low, wet woods; sparse; USIH 1001.

Saururaceae (Lizard's-Tail Family)

Saururus cernuus L.: Lizard's tail; June; cypress

swamp; abundant; USIH 959.

Scrophulariaceae (Figwort Family)

Mimulus alatus Ait.: Monkey flower; August;

low, wet woods; infrequent; USIH 1050.

Penstemon alluviorum Pennell: Lowland beards-

tongue; May; low, wet woods; frequent; USIH 937.

Scrophularia marilandica L.: Maryland figwort;

July-August; high, dry woods; infrequent; USIH
1048.

Solanaceae (Nightshade Family)

Solanum carolinense L.: Horse nettle; July; field;

infrequent; USIH 1016.

Urticaceae (Nettle Family)

Boehmeria cylindrica (L.) Sw.: False nettle; July-

August; low, wet to low, dry woods; frequent;

USIH 1014.

Laportea canadensis (L.) Wedd.: Wood nettle;

July-August; low, wet to low, dry woods; infre-

quent; USIH 1053.

Pilea pumila (L.) Gray: Clearweed; August;

high, dry woods; abundant; USIH 1054.
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Verbenaceae (Vervain Family)

Verbena urticifolia L.: White vervain; June-Au-

gust; low wet to high, dry woods; abundant; USIH
1052.

Violaceae (Violet Family)

Viola eriocarpa (Schwein.) Russell: Smooth yel-

low violet; April; plentiful in high, dry woods;

USIH 917.

Viola papilionacea Pursh: Common violet; April;

low, wet to low, dry woods; abundant; USIH 912.

Vitaceae (Grape Family)

Parthenocissus quinquefolia (L.) Planch.: Virgin-

ia creeper; throughout woods; abundant; USIH
1051.
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EFFECTS OF LOW pH AND HIGH TEMPERATURE
ON HATCHING AND SURVIVAL OF THE WATER MITE

UNIONICOLA FOILI (ACARI: UNIONICOLIDAE)

Dale D. Edwards: Department of Biology, University of Evansville, Evansville,

Indiana 47722 USA

ABSTRACT. Adult females, larvae, and eggs of the water mite Unionicola foili were removed from

their host mussel Utterbackia imbecillis, and their tolerance to varying pH (4.1, 5.2, 7.0, and 7.8) and

temperature (25°, 33°, and 38° C) was examined. Longevity of adult U. foili was significantly reduced at

pH 4.1, whereas survival of larvae was significantly reduced at pH 5.2. Hatching of mite eggs was

unaffected by exposure to low pH. Survival of adult mites was significantly reduced when exposed to

increasing temperature treatments. Larval mites experienced a significant decrease in survivorship at 33°

C, but exposure to higher temperature yielded no further changes in longevity. Egg hatching was not

affected by exposure to increasing temperature. Although eggs of U. foili were comparatively more resis-

tant to low pH and elevated temperature than adults or larvae, the reason for the observed differences

remains to be tested. Overall, U. foili were fairly sensitive to low pH and elevated temperature. Active

stages of U. foili appear to be more vulnerable to pH changes than their adult host mussels, making them

useful biomonitors of acute exposures to acid-contaminated waters.

Keywords: Unionicola foili, water mite, hatching, survival, temperature, pH

Water mites of the genus Unionicola (Ac-

ari: Unionicolidae) are common symbionts of

freshwater mussels of the family Unionidae.

Their life cycle is complex and includes lar-

vae that leave a host mussel and undergo a

brief parasitic phase with chironomid dipter-

ans. Following this association, larvae re-in-

vade a host mussel and undergo developmen-

tal transformation that is typical of

acariformes, eventually becoming sexually

mature adults. The extent to which members
of the genus depend on host mussels is vari-

able. Some species are free-living as nymphs
and adults, using mussels only as a site for

oviposition and post-larval developmental

transformations. Other species are obligate

symbionts of their bivalve hosts.

Although there is a substantial amount of

information pertaining to the tolerance of their

insect (Thornton & Wilhm 1974; Jernelov et

al. 1981; Pascoe et al. 1989) and mussel hosts

(Holwerda & Veenhof 1984; Pynnonen 1990;

Keller & Zam 1991) to a variety of environ-

mental conditions, there is very little known
about the effects of environmental stress on

unionicolid water mites. With the exception of

a few biological monitoring studies (Scullion

& Edwards 1980; Kowalik & Biesiadka 1981;

Rundle 1990; Biesiadka & Kowalik 1991; Ci-

colani & Di Sabatino 1991) and a laboratory

study by Rousch et al. (1997), the physiolog-

ical ecology of water mites as a group is lim-

ited. The lack of information on the tolerance

of water mites to changing environmental

conditions is disconcerting because field stud-

ies suggest that water mites are sensitive to

acid stress (Rundle 1990) and organic pollut-

ants (Cicolani & Di Sabatino 1991) and thus

may be useful as indicators of pollution.

The present study addresses the tolerance of

various developmental stages of the water

mite Unionicola foili to changes in pH and

thermal stress. Adults of this species are com-
mon symbionts of freshwater mussels of the

genus Utterbackia (Unionoida: Unionidae).

Larval U. foili typically occur in parasitic as-

sociation with midges (Diptera; Chironomi-

dae). Unionicola foili was selected for study

because of its broad distribution and high

prevalence and abundance with mussels and

chironomid midges in the southeastern and

midwestern United States.

METHODS
Study animals.—Unionicola foili was ob-

tained from a population of Utterbackia im-

becillis that was collected from Butler's Pond,

26
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Figures 1, 2.—Survivorship curves of Unionicola foili at four values o\~ pH. 1. Adult L\ foili: 2. Larval

U. foili. Percentage based on n = 24-25.

a 4 ha farm pond located in Perry County,

Indiana (37°56'N, 86°43'W). Mussels were

collected from May to July 2000 when mite

larvae were emerging from host gill tissue. In

the laboratory, adult U. foili were removed
from their host mussels and were washed sev-

eral times in artificial pond water (APW)
(Dietz & Alvarado l

c)70). Onl\ females were

isolated because they are substantial!) more

abundant than males (Dimock 1985), Larvae

and eggs were obtained by teasing apart hosts"

gills in petii dishes containing APW and
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Table 1.—The in vitro survivorship (mean ± SE) of adult and larval Unionicola foili at four values of

pH. // = sample size.

Adult mites Larval mites

treatment Longevity (days) Range n Longevity (days) Range n

4.1 7.2 ± 1.9 1-31 25 1.4 ± 0.1 1-3 24

5.2 24.1 ± 2.3 4-44 24 3.8 ± 0.4 1-7 24

7.0 24.4 ± 2.2 9-49 25 7.6 ± 0.8 2-15 24

7.8 31.3 ± 3.2 5-52 24 8.4 ± 0.9 2-16 24

washing them several times in this medium.

Adults, larvae, and eggs were kept in APW at

25° C for no longer than 24 h prior to use.

pH tests.—To test the sensitivity of U. foili

to changes in pH, adult and larval mites were

placed individually in wells of a flat bottom

tissue-culture well plate (1.5 cm i.d.) contain-

ing 3 ml of APW adjusted to one of four pH
levels: 4.0, 5.2, 7.0, 7.8. Each well was ex-

amined daily until it contained a dead mite.

Larval and adult mites were defined as dead

when they did not respond to tactile stimula-

tion.

Treatment solutions were prepared and

stored in 1000 ml Erlenmeyer flasks. To min-

imize pH drift, stock solutions were adjusted

with a 1 mol solution of sulfuric acid or so-

dium hydroxide every 24 h. Preliminary tests

with no animals indicated that pH levels in the

well plates fluctuated between 0.2—0.8 pH
units over a 48 h period. Test solutions in each

of the wells were replaced with freshly ad-

justed APW every 24 h.

TO

PH

Figure 3.—Hatching of Unionicola foili eggs ex-

posed to four values of pH. Percentage based on //

= 24.

The longevity of 24-25 adult and larval U.

foili was monitored in each test solution. In

an effort to test females of similar ages, only

those individuals with approximately the same
body length (1.10-1.30 mm; mean = 1.18 ±
0.01 SE, n = 96) were selected for study. Lar-

vae were used in assays if they had metamor-

phosed from prelarvae within 24 h of their

removal from host gill tissue.

The potential effect of different pH levels

on the eggs of U. foili was assessed by mon-
itoring the percentage of eggs that hatched at

pH levels 4.0, 5.2, 7.0, and 7.8. Twenty-four

eggs were placed individually into wells con-

taining 3 ml of pH adjusted APW and each

well was examined daily for the presence of

free-swimming larval mites. Treatment solu-

tions used for pH tests were prepared, adjust-

ed, and replaced following the procedures out-

lined above for assays involving larval and

adult mites.

Thermal tests.—To test the effects of ther-

mal stress on U. foili, adult and larval mites

were placed individually in 20 X 30 mm
open-ended plastic tubes fitted with 200 u,m

Nitex® mesh as a floor. The plastic tubes were

fitted into a Plaskolite® rack (12 tubes/rack)

and immersed in a 22 X 20 X 14 cm clear

acrylic plastic C'Plexiglas®") chamber con-

taining approximately 4 1 of APW held at 25°

(control) 33°, or 38° ± 0.2° C. The plastic

tubes were positioned in the rack so that the

bottom half of the tubes was immersed in wa-

ter. At the beginning of each assay, adult and

larval mites were exposed to water at 25° C.

Temperatures in the chamber were adjusted

and maintained by a constant-temperature, cir-

culating water bath (Neslab Model RTE-1 1 1).

Equilibrated APW was pumped into the

chamber using a peristaltic pump, and an air-

stone was introduced into the chamber to pro-

vide continuous aeration. Experimental tern-
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Figures 4, 5.—Survivorship curves for Unionicola foili at two experimental temperatures (35° and 38
c

C) and one control temperature (25° C). 4. Adult U. foili; 5. Larval U. foili. Percentage based on n = 24.

peratures were achieved within approximately microscopic examination b\ placing the tube

25 min of pumping equilibrated APW into the in a 50 ml glass vial containing APW from
Plexiglas® chamber. the Plexiglas^ chamber. The longer it> of 24

The contents of each tube were examined adult and Larval U. foili was monitored at each
daily, using a stereoscopic microscope, for the temperature.

presence of dead mites. Temperature of water Tolerance of the eggs of U. foili to thermal

in the plastic tube was held constant during stress was determined by monitoring the per-
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Table 2.—The in vitro survivorship (mean ± SE) of adult and larval Unionicolafoili at two experimental

and one control (25°C) temperature. // = sample size.

Temperature

(°C)

Adult mites Larval mites

Longevity (days) Range n Longevity (days) Range //

25 17.0 ± 1.2 1-31 24 11.4 ± 0.7 1-15 24

33 11.3 ± 0.9 5-21 24 2.8 ± 0.4 1-7 24

38 4.1 ± 0.4 5-28 24 3.2 ± 0.2 1-5 24

centage of eggs that hatched in APW held at

20°, 33° and 38° ± 0.2° C. For each temper-

ature, 24 eggs were placed individually in 20

X 30 mm open-ended plastic tubes fitted with

200 \xm Nitex® mesh as a floor. Following

the same procedures used to monitor larvae

and adults, tubes containing eggs were ex-

amined daily for the presence of free-swim-

ming larval mites. Water in the Plexiglas®

chamber was equilibrated and aerated follow-

ing the procedures outlined above.

Data analysis.—Analysis of variance (AN-
OVA) was used to compare the longevity of

adult and larval U. foili exposed to the various

pH and temperature treatments. Multiple com-
parison a posteriori tests were conducted us-

ing a Tukey's honestly significant difference

(HSD) test (Zar 1999). The LT50 and LC 50 val-

ues for U. foili for each exposure treatment

were calculated using the Kaplin-Meier sur-

vivorship analysis (SPSS Inc. 1993). A Chi-

square analysis was used to compare the

hatching success of mite eggs in the pH and

temperature treatments (Zar 1999).

RESULTS

pH tests.—In vitro survivorship of adult

and larval U. foili from different pH treat-

ments is presented in Table 1 . Adult mites

lived significantly fewer days in pH 4.1 when
compared to other pH treatments (ANOVA, F
= 16.5, elf = 3, P < 0.001, Tukey's HSD).
Despite an apparent increase in survivorship

at pH 7.8 (Fig. 1), there were no significant

differences in the longevity of mites for this

treatment when compared to pH 5.2 and 7.0.

Exposure of adult U. foili to pH 4.1 had a

median LC
5()

of 3 days. Adult mites experi-

enced 50% mortality at pH 5.2, 7.0, and 7.8

after 23.5, 22, and 32.5 days respectively.

The longevity of larval U. foili was signif-

icantly lower at pH 4.1 and 5.2 when com-
pared to the other pH conditions (ANOVA, F
= 23.4, df= 3, P < 0.001, Tukey's HSD; Fig.

2). Exposure of larval mites to pH 4.1 and 5.2

yielded 50% mortality within 1 and 3 days,

respectively. Survivorship improved dramati-

cally in the other treatments, with the median

LC 50 occurring after 8.5 days in pH 7.0 and

6.5 days in pH 7.8.

The hatching success of U. foili eggs at dif-

ferent pH levels is illustrated in Fig. 3. Hatch-

ing of eggs was unaffected by pH (x
2 = 1.4,

df= 3, 0.50 < P < 0.75).

Thermal tests.—The longevity of adult

and larval U. foili at different temperatures is

presented in Table 2. There were significant

differences in the longevity of adult mites in

the three temperature treatments (ANOVA, F
= 49.5, df = 2, P < 0.001, Tukey's HSD).
Overall, adult U. foili exhibited diminished

survival when exposed to increasing temper-

ature (Fig. 4). Exposure of adults to 25°, 33°,

and 38° C resulted in 50% mortality within

16.5, 11, and 4 days, respectively.

The longevities of larval U. foili at the 33°

and 38° C were significantly lower when com-
pared to the 25° C exposure (ANOVA, F =

101.9, df= 2, P < 0.001, Tukey's HSD). Sur-

vivorship curves for larval mites indicated

that the survival of U. foili was greatly re-

duced at 33° C, while exposure to 38° C had

no apparent effect (Fig. 5). Larvae experi-

enced 50% mortality at 25° C after 12 days.

Exposure to 33° and 38° C resulted in an LT50

of 2 and 4 days, respectively.

The hatching success of mite eggs at 25°,

33°, and 38° C was 100% (24 of 24), 96% (23

of 24), and 79% ( 19 of 24), respectively. Tem-
perature had no effect on egg hatching (x

2 =

1.1, df= 2, 0.50 < P < 0.75).

DISCUSSION

Unionicola foili were reasonably sensitive

to low pH, but sensitivity did vary somewhat

with stage of development. Eggs were unaf-

fected by low pH, and mite larvae appeared

to be more sensitive than adults. These results
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differ somewhat from those of Rousch et al.

(1997) who found that low pH had similar ef-

fects on the survival of larvae and adults of

the water mite Arrenurus manubriator. The

reason for the greater relative sensitivity of

larval U. foili to low pH is uncertain. Rousch

et al. (1997) reported that deutonymphs of A.

manubriator were more sensitive than adults

to low pH and suggested that their relative

tolerances could be due to differences in the

number of genital acetabula they possessed.

Genital acetabula, which presumably function

in osmoregulation among water mites (Alberti

& Bader 1990), are considerably more nu-

merous in adults than deutonymphs (Rousch

et al. 1997) and therefore could provide them

with greater osmoregulatory potential. Al-

though female U. foili have a relatively large

number (n > 30) of acetabula in their genital

region (pers. observ.), the larvae, which lack

a genital opening, possess none. Most larval

water mites do, however, possess Claparede

organs at the base of legs I and II that pre-

sumably serve the same function as acetabula

(Alberti & Bader 1990). Unfortunately, the

extent to which either of these structures play

a role in ion regulation among adult and larval

U. foili has not been investigated, making it

difficult to comment on their osmoregulatory

potentials and their contributions to the tol-

erances of adult and larval mites to low pH.

The reason for the greater relative tolerance

of U. foili eggs to low pH is also unknown.
Rousch et al. (1997) found that hatching of

eggs of A. manubriator was unaffected at pH
4, but significantly reduced at pH 3. In addi-

tion, Rousch et al. (1997) suggested that the

gelatinous covering associated with A. manu-
briator egg masses may enhance their toler-

ance to low pH. This hypothesis was sup-

ported by the observation that the gelatinous

coating on mite eggs became opaque and

gummy when exposed to pH 3. Eggs of V.

foili are different from those of A. manubria-

tor in that they are deposited singly rather

than in clusters. Whether they are covered in

a gelatinous matrix reminiscent of A. manu-
briator and to what extent it may serve to pro-

tect them from increased exposure to H + ions

remains to be tested.

Thermal tolerance of adult U. foili followed

classic patterns, with diminished survival ac-

companying exposure to increasing tempera-

ture. Interestingly, larval mites experienced a

significant decrease in survivorship at 33° C.

with exposure to higher temperature yielding

no further changes in longevity. Why larval

U. foili were relatively more sensitive to in-

creasing temperature than adults is presently

unknown, but may reflect size-related differ-

ences in thermal tolerance. The overall size of

adult female U. foili (body length = 1 .36 mm
± 0.02 SE, n = 186; body width = 0.80 mm
± 0.01 SE, n = 186) (Edwards 1993) is sub-

stantially greater than that of newly emerged

larvae (body length = 0.36 mm ± 0.01 SE, n

= 20; body width = 0.22 mm ± 0.01 SE. n

= 20) (Edwards & Dimock 1995). The effects

of temperature on the longevity of adults or

larvae have not been reported for any other

species of water mite. An increase in temper-

ature had no effect on hatching of U. foili

eggs. Whether some type of encasement or

coating on the eggs may contribute to their

tolerance, as was suggested for the tolerance

of eggs to low pH, remains to be tested.

Adult and larval U. foili appear to be fairly

sensitive to low pH and elevated temperature,

with larval mites exhibiting greater sensitivity

than adults. Although there are no compara-

tive data for exposure to temperature, the re-

sults of this study for pH are consistent with

field studies indicating that water mites are

sensitive to low pH (Scullion & Edwards

1980; Rundle 1990). Interestingly. Larval and

adult U. foili appear to be more vulnerable to

pH changes than their adult host mussels

(Pynnonen 1990; Machado et al. 1988) and

are equally as sensitive as juvenile stages (Di-

mock & Wright 1993). making them useful

biomonitors of acute exposures to acid-con-

taminated waters.
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ABSTRACT. The Valparaiso lakes include a moraine chain that separated the high beach ridge of

geological Lake Chicago from the Kankakee River of the Illinois River drainage. Only a single historical

fish collection was made in any of the Valparaiso lakes prior to 1950, but the Department of Natural

Resources has conducted surveys from the mid-1960s until present in Flint, Long, Loomis, Spectacle, and

Wauhob lakes. Species diversity in the lakes is relatively low and is comprised of 34 species in 10 families.

Three exotic species, including Carassius auratus, Cyprinus carpio, and Ctenopharyngodon idella. have

invaded the lakes. The most diverse families in the Valparaiso chain of lakes include the Centrarchidae

and Cyprinidae (8 species each). In Mink Lake, which is the only historical lake sampled between 1941

and 2000, species richness increased while biological integrity decreased. The condition of the lakes, based

on a lake calibrated index of biotic integrity for northern Indiana, showed that biological integrity ranged

between "very poor" and "fair" compared to the reference "least disturbed" condition.

Keywords: Limnology, Porter County, fish assemblages, biological condition, biological diversity

There is limited information concerning the

species composition and relative abundance of

glacial lake fish available for most areas of

North America (Frey 1986). The Indiana

Lakes and Streams Survey sampled many
lakes in northeastern Indiana (Johnson 1945;

Ricker 1945a, b; Ricker 1942a, b; Wohlschlag

1950; Gerking 1950a, b), but the Valparaiso

moraine lake chain (Porter County) received

limited attention during the last century

(Gerking 1945). Few lake collections were
made prior to 1950, the only exception being

Mink Lake, which was sampled in 1 94 1

.

The species diversity and biological con-

dition of the Valparaiso lake chain has de-

clined over the last century as the watershed

has developed. Anthropogenic disturbance has

resulted in increased eutrophication of the wa-
tershed. There is heavy pressure for recrea-

tional angling and boating. Increased residen-

tial land use around the perimeter of most of

the lakes has caused even more distrubance.

The available natural habitat has been reduced

by the removal and treatment of aquatic plant

beds, which are necessary as spawning and

nursery habitat for fish. The establishment of

seawalls and boat docks to extend residential

lands have resulted in the loss of watershed

riparian corridors.

Fisheries management studies of the Val-

paraiso moraine chain of lakes were done be-

tween the mid-1960s and 2002 by the Indiana

Department of Natural Resources (R. Robert-

son unpubl. data). Loomis. Spectacle, and

Flint lakes are among the three most frequent-

ly sampled lakes; however. Long and Wauhob
lakes have also been sampled several times.

With an increasing need to pro\ ide recreation-

al opportunities for sport anglers, management
of largemouth bass [Micropterus salmoides)

and sunfish populations have received increas-

ing attention. These species are dominant

members of the fish assemblages of the chain

of lakes. Recent sampling intensity has in-

33
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creased the total number of moraine lakes sur-

veyed to 12 (T. Simon unpubl. data). Sampling

was conducted between 1997-2000 for two

projects, including the Advanced Identifica-

tion of Wetlands (ADID), a project conducted

by U.S. Environmental Protection Agency and

the development of biological reference con-

dition derivation for northern Indiana lakes.

The purpose of this study is to document

the distribution of the Valparaiso moraine

chain of lakes; describe the species richness,

structure, and function of fish assemblages;

and document invasive species threats. In ad-

dition, there are many environmental threats

that require further management; sport fishing,

water quality, watershed nutrients, and biolog-

ical pollution of the lakes.

METHODS
Study area.—As the Wisconsian glacier

advanced and piled alluvial sediments, it

carved and shaped the land to form a series

of pockets and depressions that became the

Valparaiso chain of lakes. These lakes drained

the Valparaiso moraine, an area in northwest

Indiana (central Porter County) that contained

glacial melt water, into geological Lake Chi-

cago (now Lake Michigan).

Humans have had a devastating effect on

the Valparaiso moraine and land use within

the watershed. The damming of creeks (e.g.,

Saeger Lake and Lake of the Four Seasons)

and the creation of deepwater wetlands (e.g.,

Lake Louise) for water storage and recreation

have changed the hydrology of the area. Since

these dammed watersheds are not natural

components of the landscape, we chose not to

include those lakes in our list of Valparaiso

moraine lakes, although we did sample them.

Besides the changes in water storage capacity,

residential development along the shoreline,

and septic leachate entering the lakes, other

anthropogenic disturbance has had some ef-

fects on the chain. Instead of draining into

Lake Michigan as they formerly did, the lakes

now drain into the Kankakee River (F. Veraldi,

U.S. Army Corps of Engineers, pers. com-
mun.). In addition, several of the lakes, e.g.,

Loomis and Long lakes, have been artificially

connected by canals to facilitate transport and

recreational travel between the lakes.

For this paper, we describe the fish assem-

blages of 1 2 natural lakes that are part of the

Valparaiso moraine chain of lakes (Fig. 1):

Bullseye, Canada, Clear, Deep, Flint, Long,

Loomis, Mink, Moss, Round, Spectacle, and
Wauhob lakes. Many smaller ponds and shal-

low wetlands within the area were not sam-

pled. We recognize that increased sampling in

these small ponds and shallow wetland habi-

tats may result in additional species, but we
believe that the majority of species are docu-

mented in our studies from the main lakes.

Sample collection and reach selection.—
Fish were collected using a representative

sampling approach. Species are sampled in

their relative abundance and not true abun-

dance. Most fish sampling approaches are

generally incomplete since individual fish can-

not be seen, and rather rare species are usually

under-sampled. Our sampling approach used

boat-mounted electrofishing equipment capa-

ble of applying 250-300 v, pulsed DC current,

with 2-3 amps into the water. A single netter

was positioned on the bow of the boat and,

using a long-handled dip net, attempted to col-

lect every individual fish that was seen. Fish

were placed into a live-well until completion

of the reach. All fish were identified using

Gerking (1955), Smith (1979), or Becker

(1983). Fish were counted and the maximum
and minimum lengths were recorded (mm
TL). Batch weights (g) were recorded for each

species and each individual was inspected for

deformities, eroded fins, lesions, and tumors

(DELT) anomalies.

Reach selection was based on natural shore-

line features of each water body. For example,

intact riparian corridors consisting of wet-

lands, natural vegetation, or deciduous trees

were preferred over boat slips, steel sheet pil-

ing, manicured lawns, or rock rip-rap. These

natural feature areas were determined to have

the greatest diversity and most natural fish as-

semblage attributes of the water body. The
number of lake reaches sampled within a sin-

gle lake was determined by lake surface area

(ha). Each lake reach was 500 m, which in the

smallest lakes (e.g., Bullseye Lake) almost

covered the entire lake shoreline. The smallest

lakes were sampled at a minimum of two

reaches. Lakes between 20-100 ha had two

natural shoreline sites sampled, those with

100-1000 ha had three sites sampled, and

lakes greater than 1000 ha had four sites sam-

pled. This enabled greater sampling intensity

in larger lakes without expending too much
effort in smaller lakes.
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Figure 1.—Distribution of Valparaiso moraine chain of lakes included in this study, from which fish

were collected between 1964 and 2001. Lakes identified by number throughout this paper include:

Bullseye = 1, Canada = 2, Clear = 3, Deep = 4, Flint = 5, Long = 6, Loomis = 7. Mink = 8. Moss
= 9, Round = 10, Spectacle = 11, and Wauhob = 12.

Biological integrity.—Lake management
benefits from an estimate of condition, so that

a reference or standard can be used to deter-

mine the waterbody quality. Karr et al. (1986)

developed a quality assessment index for

streams and flowing waters that relies on 12

attributes of stream fish assemblages. This

same approach was instituted to evaluate the

quality of lake-fish assemblages in northern

Indiana lakes in the Central and Eastern Corn
Belt Plains, Huron-Erie Lake Plain, and
Northern Indiana Till Plain Ecoregions (Si-

mon 2001). Twelve attributes of lake fish as-

semblages were tested to develop a reference

condition for lakes greater than 20 ha.

The index attributes for each fish species

occurring in northern Indiana lakes were

based on published reproductive guilds (Si-

mon 1999). trophic dynamics (Goldstein Jv:

Simon 1999), tolerance (Simon 1991), and

habitat specialization characteristics. Each

species was classified into the respective

guild and species associations. These species

memberships were then calibrated to formu-

late the reference or "least impacted" con-

dition.
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Table 1.—List of fish species collected between

1941 (Gerking 1945), 1997, and 1998 in Mink
Lake, Porter County, Indiana (current study).

Year

Species 1941 1997 1998

Amia calva X
Ctenopharyngodon idella X
Erimyzon sucetta X
Umbra limi X X
Esox americanus X X X
Esox lucius X X X
Fundulus dispar X
Fundulus notatus X
Ameiurus nebulosus X
Lepomis gulosus X X
Eepomis macrochirus X X X
Lepomis gibbosus X X
Lepomis microlophus X
Micropterus salmoides X X X
Pomoxis annularis X
Pomoxis nigromaculatus X
Total species 7 8 10

RESULTS AND DISCUSSION

Historical changes.—Limited information

is available to evaluate changes in the species

richness of Valparaiso lakes. Gerking (1945)

sampled Mink Lake in 1941, at which time 7

fish species were collected (Table 1). Our un-

published sampling of this lake found 8 spe-

cies in 1997 and 10 species in 1998. The total

combined fish list of species for Mink Lake is

16. However, much of the increased number
of species is not "natural," but is a result of

stocking. The grass carp (Ctenopharygodon

idella), northern pike (Esox lucius), and redear

sunfish (Lepomis microlophus) have all been

stocked in Mink Lake. It is possible that other

sunfish species have likewise been stocked,

but their native presence in other Valparaiso

Lakes would make it difficult to separate in-

troduced from native individuals. The in-

creased number of species as a result of stock-

ing represents 18.8% of the fish diversity in

Mink Lake.

Fish in Valparaiso chain of lakes.—Thir-

ty-four fish species in 10 families have been

collected from the Valparaiso chain of lakes

(Table 2). The dominant families are the sun-

fish and minnows, each of which is repre-

sented by 8 species. Species diversity of the

Valparaiso lakes appear to have remained sta-

ble.

As the lakes have become more similar as

a result of residential development and eutro-

phication, sensitive species of fish are declin-

ing. Attempts to increase recreational angling

and the increase of human population have

caused anthropogenic disturbances along

these lakes. For example, sensitive species oc-

curring in the lake chain are generally only

found in Flint, Round, Wahaub, Clear, and

Long lakes. These lakes possess a portion of

natural shoreline habitat. The remaining lakes

have a broad-based community that is ubiq-

uitous, dominated by bluegill (Lepomis ma-
crochirus), warmouth (L. gulosus), and large-

mouth bass (Micropterus salmoides). These

species can be found throughout the entire

lake chain, and competition between the spe-

cies has caused unbalanced community func-

tion and fewer native non-game species.

Structure and function of Valparaiso

chain of lake fish assemblages.—The altered

fish assemblage of the Valparaiso chain of

lakes consists of a simple community struc-

ture that is designed to enhance top-level car-

nivore production. With the interest in increas-

ing numbers of larger largemouth bass, the

remainder of the fish assemblage has been ne-

glected. This has resulted in a loss of biolog-

ical diversity, community structure, and bio-

logical integrity for these water bodies and has

resulted in fewer high-quality lakes. For ex-

ample, the highest number of species based on

a single collection in any of the lakes is 15

species in Flint Lake, followed by 12 species

in Wauhob Lake. Compared to regional ex-

pectations, the higher diversity of Flint Lake

equals an average condition for a lake of sim-

ilar size, while Wauhob is equal to the highest

quality reference lake among those remaining

in northern Indiana (Simon 2001).

The anthropogenic changes that have

caused decreased stability in community
structure are also producing signs of stress on

community function. As species are managed
towards top level carnivore production, fewer

numbers of forage base species are present.

Thus, the trophic pyramid is inverted so that

instead of a large forage base supporting a

small top carnivore base, large numbers of top

carnivores are forced to feed on a small forage

base. This type of stability can be sustained

for short periods of time; however, the per-

formance of such a system cannot produce

continued trophy level fish without causing
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Figure 2, 3.—Results of single linkage. Ward method cluster analysis based on species composition (2)

and index of biotic integrity metric score (3) results.

cannibalism of recruits. The pyramid is a sim- various levels oi' the pyramid is greatly re-

ple three-tiered structure with the fish com- duced.

munity comprised of insectivores and top-car- Obligate-lake species richness and sensitive

nivores. The transfer of energy between the species presence in the Valparaiso lake chain
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Figure 4.—Cumulative frequency distribution of

index of biotic integrity scores for 23 sampling

events conducted in the Valparaiso moraine chain

of lakes.

have also declined (Simon 1998). Species

such as bowfin (Amia calva), lake chubsucker

(Erimyzon sucetta), warmouth (Lepomis gu-

losus), banded killifish (Fundulus diapha-

nous), starhead topminnow (Fundulus dispar)

have declined in numbers, i.e., relative abun-

dance, and presence in a number of lakes. As
obligate lake species and sensitive species de-

cline in relative abundance, recovery of these

species and improvements in biological integ-

rity within the lakes will be more difficult to

attain.

Local extirpations and new records.—
Local extirpation of several species has oc-

curred in the Valparaiso lake chain (Table 2).

The common shiner (Luxilus cornutus), white

sucker {Catostomus commersonii), and chan-

nel catfish (Ictalurus punctatus) were collect-

ed from Loomis Lake during the mid-1960s

and mid-1970s. The common shiner has not

been collected since 1969, the white sucker

has not been collected since 1976, and the

channel catfish was last collected in 1982

from any of the chain of lakes. The white bass

(Morone chrysops), found in Flint Lake dur-

ing the mid-1980s, was last collected in 1986.

The only new species record since the millen-

nium was the single blacknose dace (Rhini-

chthys obtusus) in Wauhob Lake.

Cluster analysis.—Cluster analysis of spe-

cies composition and IBI metric scores

showed two clusters (Fig. 2). Species com-
position clustered Loomis, Mink, and Moss
lakes as a single unit (Fig. 2). These lakes

were dominated by stunted bluegill. Within

the second cluster, Bullseye Lake was sepa-

rated from three other lake pairs. Bullseye

Lake was deep relative to surface area and is

dominated by central mudminnow (Umbra
limi), black crappie (Pomoxis nigromacula-

tus), and bowfin (Amia calva). Round Lake
and Wauhob Lake differed from other Valpa-

raiso lakes by the presence of lake chubsucker

(Erimyzon sucetta), golden shiner (Notemi-

gonus crysoleucus), northern pike (Esox lu-

cius), and starhead topminnow (Fundulus dis-

par). Long Lake with 18 species and Flint

Lake with 19 species were the most diverse

lakes.

Cluster analysis of IBI metric scores

showed two clusters which did not possess

substantial linkage distances (Fig. 3). Bullseye

Lake and Deep Lake were separate from the

remainder of the lakes. These two lakes con-

sistently scored "very poor." Within the sec-

ond cluster Long Lake and Loomis Lake were

consistently classified as "fair," which was

only a 5% linkage difference from the rest of

the lakes in the second unit.

Condition of lake chain.—The condition

of Valparaiso lakes compared to other north-

ern Indiana lake reference conditions (Simon

200 1 ) showed that these lakes ranged from

"very poor" to "fair" (Fig. 4). The IBI scores

ranged between 16-40, with the mode 36. The
majority of the Valparaiso lakes scored be-

tween 30 and 36 IBI points (73.9% of IBI

scores, n = 23 collection events). Flint lake

ranked the highest with an IBI score of 40

(mean = 38, n = 4). The loss of high quality

biological conditions among the lakes in the

chain is not a result of habitat loss, but rather

a change in the trophic status of this chain

(Morris unpubl. data). Several lakes (i.e.,

Flint, Spectacle, and Loomis lakes) have ex-

perienced high shoreline modifications, which

may indicate that lake recovery to higher cat-

egories of quality may not be possible. The
fish community reflects the condition of the

watersheds, with only a few lakes possessing

any sensitive fish species such as lake chub-

sucker (Erimyzon sucetta), starhead topmin-

now (Fundulus dispar), and Iowa darter (Eth-

eostoma exile). These lakes are dominated by

sunfish species and black bass, with accom-

panying loss of native minnow species.
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URBAN ICHTHYOLOGY: CHANGES IN THE FISH
COMMUNITY ALONG AN URBAN-RURAL CREEK IN INDIANA

Christopher M. Ritzi, Brianne L. Everson, B. Jagger Foster, Jeremy J. Sheets and

Dale W. Sparks: Department of Life Sciences, Indiana State University, Terre

Haute, Indiana 47809 USA

ABSTRACT. We collected 39 species of fish from 10 sites along the East Fork of White Lick Creek

in Marion and Hendricks counties, Indiana from May through August 2002 in order to quantify stream

quality prior to the start of construction on Interstate Highway 70. These included 10 families, with 1

species each of Lepisosteidae, Clupeidae, Poeciliidae, Atherinidae, Cottidae; 2 species of Ictaluridae; 4

species of Percidae; 6 species of Catostomidae; 9 species of Centrarchidae; and 13 species of Cyprinidae.

The most abundant species we encountered were: spotfin shiner (Cyprinella spiloptera), silverjaw minnow
(Notropis buccatus), sand shiner (N. stramineus), bluntnose minnow (Pimephales notatus), striped shiner

(Luxilus chrysocephalus), central stoneroller {Campostoma anomalum), largemouth bass {Micropterus sal-

moides), creek chub (Semotilus atromaculatus), johnny darter (Etheostoma nigrum), fathead minnow (Pi-

mephales promelas), rainbow darter {Etheostoma caeruleum), bluegill (Lepomis macrochirus), and the

orangethroat darter (Etheostoma spectabile). We documented eight new county records for Hendricks

County and one new county record for Marion County. Species richness, abundance of fish, and a modified

Index of Biological Integrity for the seining sites were all positively correlated with distance downstream

from Indianapolis. A trend toward greater fish abundance was also recorded with increasing distance from

Interstate Highway 70. Results suggest that urbanization of Hendricks and Marion counties has had a

negative impact on the quality of the East Fork of White Lick Creek.

Keywords: Fish, fish distribution, Indianapolis International Airport, Index of Biological Integrity, ur-

banization, urban ecology

During the 1990s, urban ecology in North

America graduated from being a fledgling sci-

ence into an important ecological subdisci-

pline (Matson 1990; McDonnell & Pickett

1990; McKinney 2002). Much of the initial

focus of this discipline was targeted at dem-
onstrating patterns in species richness along

strong urban to rural gradients. These gradi-

ents often ran from the downtown sections of

major cities to pristine areas. Two patterns

were repeatedly demonstrated along these gra-

dients: urban areas harbored fewer species,

and a greater percentage of those species were

exotic (Limburg & Schmidt 1990; Blair 1996;

Blair & Launer 1997; Germaine & Wakeling

2001; McKinney 2002). This focus is now
changing to one of understanding how urban-

ization causes these patterns, and how urban-

ization impacts behavioral and physiological

aspects of biology (Denys & Schmidt 1998;

McKinney 2002). In addition to focusing on

other aspects of biology, there remains a need

to determine if the two classic species diver-

sity patterns hold for shallower gradients

(Germaine & Wakeling 2001), and a need also

exists to apply these patterns toward devel-

oping management tools such as buffers to

protect biodiversity in developing areas (Blair

1996; Denys & Schmidt 1998; Germaine &
Wakeling 2001; McKinney 2002). Our study

focuses on a gradient that ranges from sub-

divisions and commercial properties at the

edge of Indianapolis to remnant forests buried

in an agricultural matrix. In addition, this

study examines whether the green space cre-

ated by efforts to conserve the Indiana myotis

(Myotis sodalis, a federally-endangered bat) is

also an effective conservation tool for local

fish communities.

This study has four goals. First is to estab-

lish stream baseline information as the Indi-

anapolis International Airport (IIA) and its

surroundings continue to develop. Of partic-

ular concern is moving a 489 m linear section

of the East Fork of White Lick Creek during

construction of the Six Points Interchange of

Interstate Highway 70 (1-70). This goal was

accomplished by surveying 10 sites along the

42
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East Fork of White Lick Creek from Indian-

apolis (Marion County) south into and

through southwestern Hendricks County, In-

diana. Second, as a result of this survey this

paper documents new county distribution re-

cords of fish from both Marion and Hendricks

counties. We collected one new county distri-

bution record for Marion County, where pre-

vious researchers (Gammon 1975; WAPORA
1978; Kingsley 1983; Whitaker et al. 1987;

Stahl et al. 1997) had documented 72 species

of fish. We also collected eight new records

for Hendricks County, which has traditionally

received little attention from collectors.

In addition to surveying the stream, we also

wanted to examine the impacts of develop-

ment on the local fish communities and to de-

termine the value of the bat conservation areas

for conserving fish. Stahl et al. (1997) exam-

ined the impact of the Indianapolis Interna-

tional Airport on the East Fork of White Lick

Creek, but the results of their study suggested

that Indianapolis itself maybe a greater source

of disturbance than the airport. Thus we ex-

amined changes in species richness of fish,

fish abundance, and the Index of Biological

Integrity (an index of stream quality) with in-

creasing distance from both 1-70 and the In-

dianapolis metropolitan area (set at the junc-

tion of the stream and US Highway 40).

Finally, we used the results of these distance

analyses to infer how successful conservation

efforts aimed at bats were at protecting fish.

METHODS
The East Fork of White Lick Creek flows

south from a heavily settled and urbanized

section of western Marion County. It joins

with White Lick Creek in Morgan County
near the Mooresville wastewater treatment fa-

cility and then flows into the West Fork of the

White River (Stahl et al. 1997). The stream

varies in width from 9-15 m, with a maxi-

mum depth of 2 m. The stream drains 135 km2

of watershed, including urban, industrial, and

agricultural runoff. Historically, the stream

has been severely degraded due to runoff and

habitat degradation, but a recent study has

shown some stream quality regeneration in the

southern half of the drainage (Stahl et al.

1997).

We established 10 seining sites (A-H in

Hendricks County and J-K in Marion County)
at locations that have been used since 1997 as

mistnetting localities as part of the bat study

(Sparks et al. 1998) (Fig. 1 ). We sampled each

site three times (once per month during the

mid-afternoon starting on 15 May 2002 and

continuing until 15 August 2002) using a 9 m
bag seine with a 0.64 cm mesh. Each seining

consisted of a minimum of three seine hauls.

Seining was concluded if no additional spe-

cies were collected after the third haul for that

visit. If an additional species was captured.

additional seine hauls were conducted until no

additional species were captured. Because all

sites appeared similar in terms of the available

habitat types (pools, riffles, runs, and extra-

channel), different habitats were sampled in

roughly equal proportions at each site. During

the second and third seinings, minnow traps

baited with dog food were placed in pools be-

tween 1-1.5 m deep at each site during the

afternoon seining and collected between
2400-0200 h the next day. During the third

and final round of seining, in addition to the

standard seining regime, we used hand-held

0.64 cm mesh minnow dipnets to collect fish

observed by flashlight from 1900-0200 h. All

fish captured were identified, counted, and re-

leased, with the exception of voucher speci-

mens for each seine site that were preserved

and deposited in the Indiana State University

Vertebrate Collection. Identification of these

voucher specimens was verified using a com-

bination of keys, including Trautman (1981).

Page & Burr (1991), and Pflieger (1997).

Specimen identifications were later confirmed

by Dr. John O. Whitaker, Jr. at Indiana State

University.

After seining was completed, we calculated

three measures of stream health. Fish abun-

dance was calculated by dividing the total

number of fish taken at a site by the number
of seine hauls at that site. We did this to make
our results comparable between sites because

our seining technique resulted in more specio-

se sites receiving greater seining effort, and

relatively few fish were captured in dipnets or

minnow traps. We used the species richness

of each site as a measure o\' biodiversity . This

is an appropriate index because each site re-

ceived consistent sampling effort (Magurran

1988). Finally, we used an index of biological

integrity (IBI) as a measure of the qualitj of

the stream at each site.

An index o\' biological integrity is the most

common technique used to infer stream qual-
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n

Hendricks County

Morgan County

8 Kilometers

Figure 1
.—Map showing proximity of seining sites to local landmarks. The upper left figure represents

the location of Hendricks, Marion, and Morgan counties in Indiana. The upper right figure shows how
the study area (hashed lines) relates to the greater Indianapolis metropolitan area (stippled polygon) and
important streams (MF = Main Fork of White Lick Creek, EF = East Fork of White Lick Creek, and
WR = White River). The bottom figure details the proximity of the seining sites (labeled A-K) to local

landmarks including developed areas (stippled polygons abbreviated as PL = Plainfield, WH = warehouse
district of Plainfield, and MO = Mooresville). transportation corridors (IIA = Indianapolis International

Airport. US-40 = US Highway 40, US-67 = US Highway 67, 1-70 = Interstate Highway 70, IN-267 =

Indiana Highway 267), and other features (listed on figure).
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ity from fish captures, and it is useful for mea-

suring and comparing streams on both geo-

graphical and temporal bases (Karr et al.

1986; Simon & Dufour 1997; Stahl et al.

1997; Milewski et al. 2001). Thus, we devel-

oped an IBI (Table 1 ) for our stream by com-

bining parts of IBIs developed by Karr et al.

(1986) and Simon & Dufour (1997). Although

the regional IBIs were developed using elec-

troshocking, a representative collection of fish

from seining can also be used provided the

sampling methodology provided similar col-

lections (Simon & Dufour 1997; T. Simon
pers. commun.). Because the species diversity

of our study was comparable to the early work
on the stream (Stahl et al. 1997), the robust-

ness of the regional IBI would allow compar-

ison of this site with other local streams. We
modified the metrics used in the IBI to ac-

count for the East Fork of White Lick Creek

being a small stream, whereas other measure-

ments are better adapted to larger streams. In

particular, because the stream was mostly

wadeable (between 0-1 m, with occasional 2

m depressions), we choose the number of sun-

fish species instead of percent of headwater

species and the number of sucker species in-

stead of the number of minnow species. De-

spite these modifications, our results should

remain comparable with other studies that

make use of IBIs (Karr et al. 1986; Simon &
Dufour 1997; Milewski et al. 2001).

We used a series of regressions to examine

changes in the IBI, number of fish species

(species richness), and number of fish per

seining effort (abundance) with increasing dis-

tance from US-40 or 1-70 (Figs. 2-4). These

regressions were performed in the curve es-

timation module of SPSS version 10.0. We
initially examined each data set with a linear

regression, but the changes in abundance of

fish with increasing distance were clearly a

curvilinear relationship (Fig. 3). Thus, we
used a quadratic regression to analyze these

results. Finally, the results of these regressions

were used to infer the effectiveness of the bat

project as a conservation tool for fish.

RESULTS AND DISCUSSION

We collected 39 species of fish from the

East Fork of White Lick Creek (Table 2).

Eight of the 38 fish species taken in Hendricks

County were new county records (Gerking

1945; Stahl et al. 1997). New records for Hen-

dricks County were Lepisosteus osseus. Do-

rosoma cepedianum, Pimephales vigila.x. Car-

piodes carpio, Ictalurus punctatus, Gambusia

affinis, Lepomis microlophus, and Pomoxis ni-

gromaculatus. Of the 24 species taken in Mar-

ion County, the mosquitofish {Gambusia affin-

is) was the only species that was not reported

in previous collections (Whitaker et al 1987;

Clem & Whitaker 1995). No federal or state

threatened or endangered species were found

along the East Fork of White Lick Creek.

Most of the fish were collected by seining.

with less than 1% of fish being taken by min-

now trap, and 2.4% of fish taken by dipnet.

Four species, indicated below, were more

commonly taken by dipnet. For each species

of fish, the total number of individuals ob-

served is reported in the text within parenthe-

sis.

Family Lepisosteidae (gars).—The long-

nosed gar (Lepisosteus osseus) has not been

reported from Marion County since the 1870s

(Whitaker et al. 1987). Their collection west

of Marion County at four sites (B. C. E & F)

in Hendricks County (4) suggests that this

species may have recolonized Marion County.

Family Clupeidae (herrings).—The giz-

zard shad (Dorosoma cepedianum). an inva-

sive species, was first captured in Marion

County in 1967 (Christensen 1968). This fish

was encountered twice (2), once in both Hen-

dricks (site C) and Marion counties (site J).

Family Cyprinidae (minnows).—During

Summer 2002, thirteen species of minnows
were collected, with the most abundant being

spotfin shiner (Cyprinella spiloptera, 2642).

silverjaw minnow (Notropis buccatus. 2368).

sand shiner (N. stramineus. 1403). bluntnose

minnow (Pimephales notatus. 578). striped

shiner (Luxilus chrysocephalus, 460). central

stoneroller (Campostoma anomalum, 38 1).

creekchub (Semotilus atromaculatus, 298),

and fathead minnow (Pimephales promelas,

183). These fish were common along the

length of the stream, although more abundant

at the southern end than the northern end.

Carp (Cyprinus carpio, 8). suckermouth min-

now (Phenacohius mirahilis. 7), and black-

nose dace (Rhinichthys atratulus, 32) were

rarely encountered in the stream, although

they were considered abundant in other small

streams and the White River in Marion Coun-

ty by earlier researchers (Gerking 1945;

Christensen 1968: WAPORA 1978; Kingslev



46 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

u

£ >

S o

o o
CO 03

3 <U «

03 S3 co

gsj^ 3 CA

^ "3 JH
cu > ,

^
Sh

W

U ,8 «§
ao

J
« 2

^ = «

•s-fl
^ 4H r°
-T
6 "O t4-H

CO CO

CO — C
C3 C3 3J
[1] C (A

O <U

jg S &3 T3 u

S u

P o Q
CD S
2 "-' o

TJ .9 "2

3 g §
o o

CO CO

las
E _; O

'C
*"" o

61) C M
<D •- W
C T3 «M B O
— O <U

8 c £
'5b P c
o b -
2 > oi

m : s
O 1) w
x g.9
(U <u o

_ 2 ^
e

1-8

SI

$ ^ ^ ^ V
hri(N(Nr;OOiriO ^ in o —

V

O

O O wi o
I

I I I I I I
I

I^-mmmm>n»no>n—

'

M M iO CN

^ ^ $

A
A w V V A

CO

O

I
o
u
a

I

$

co "2
U y.

co

v.

r3

C3

3 13 -3
'o a. CO 3 ^ 3 co
ft
CO

4h

CO

c
CO

co
4)

'3

a.
CO

U
3
co

U
'y

ft

3 -a

-3

32

"5

*""
CO

,-j cu

G 3 a. CO
-3
c

c
'—

c — c ^j o Eu

£

o
so

co

-C
co

c
3
co

>

c
U
co

CD—
C
>

£
o

e
c
>

o
u
CO

>
'cu
a
o

'S
3

a
J3

S °
.- c

15

1
O c O O

c o
cd

3 Q
* * * * # $ c# c# U # #



RITZI ET AL.—FISH COMMUNITY CHANGES 47

ov -

t
25 - s

V
<*>

a
XJ

20 -

WD

*5

o a>
00u 15 -

u
<Z> 4>a
a

10 -

5 -

-
i i i i i i i i i

a

a

X5
1—r '"""''

' r —i

—

...j.. i_^.._

<
() 2 4 6 8 10

Distance (k m)

Figure 2.—Relationship between species richness

of fish and distance from Indianapolis. A positive

linear relationship (F(d(=8)
= 8.756, P = 0.018, r2 =

0.523) is observed between increased species rich-

ness and increasing distance downstream from In-

dianapolis.

1983; Whitaker et al. 1987; Stahl et al. 1997).

The redfin shiner (Lythrurus umbratilis, 69)

was uncommon in the East Fork of White

Lick Creek and has been rarely encountered

during previous work in similar streams in In-

diana (Gerking 1945; Christensen 1968; Whi-
taker & Wallace 1973; Gammon 1975; WA-
PORA 1978; Kingsley 1983; Whitaker et al.

1987; Stahl et al. 1997; Whitaker et al. 1998).

The bullhead minnow (Pimephales vigilax, 1)

was encountered only once and its presence

was a surprise because it is mostly found in

rivers.

Family Catostomidae (suckers).—Six

species of suckers were observed during the

current study, and only the common white

sucker {Catostomus commersoni, 51) and
northern hogsucker (Hypentelium nigricans,

23) were common. We rarely collected the riv-

er carpsucker {Carpiodes carpio, 5), quillback

(G cyprinus, 4), black redhorse (Moxostoma
duquesnei, 1), and golden redhorse (Moxos-

toma erythrurum, 1). Absence of the spotted

sucker (Minytrema melanops) was unexpect-

ed, considering its abundance in Marion
County during earlier studies (Gammon 1975;

WAPORA 1978; Kingsley 1983; Whitaker et

al. 1987).

Family Ictaluridae (catfish).—We ob-

served two species of catfish, the channel cat-

Distance (km)

Figure 3.—Relationship between abundance of

fish per seining effort and distance downstream

from Indianapolis explained by a quadratic regres-

sion (F(df=7)
= 20.6, P = 0.001. r2 = 0.855). The

number of fish captured per seine haul increased

dramatically 8 km downstream from Indianapolis.

fish (Jctalurus punctatus, 3) and the yellow

bullhead (Ameiurus natalis, 32). Neither fish

was common, with channel catfish being seen

but never captured during the study. Yellow

bullheads were collected largely by dipnetting

during the third round of seining. Other cattish

collected in Marion and Hendricks counties

historically, but not found during this study,

included the black bullhead (.4. melas), brown

bullhead (A. nebulosus). and flathead catfish

(Pylodictis olivaris) (Christensen 1968: Gam-
mon 1975; WAPORA 1978: Kingsley 1983:

Stahl et al. 1997: Whitaker et al. 1987).

Family Poeciliidae (livebearers).—Al-

though the western mosquitofish. Gambusia

affinis, was not reported previous!} in either

Hendricks or Marion County, its presence 1 22 I

was not unexpected because it has been in-

creasing its range throughout the state. It has

previously been collected from the tributaries

of the White River and Pigeon Creek drain-

ages in Davies and Gibson counties in 1985.

and in Vigo County in 1
L) C)0 (Clem & Whi-

taker 1995). It is suspected to have moved up

the White River system into Hendricks and

Marion counties. This collection mav there-



48 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

Table 2.—Fishes taken from the East Fork of White Lick Creek in Hendricks County (Sites A-H) and

Marion County (Sites J & K) during Summer 2002.

^ ., Sites along White Lick Creek
Family z.

Species A-D E-G H-K Total

Lepisosteidae

Lepisosteus osseus 2 2 4

Clupeidae

Dorosoma cepedianum 10 12
Cyprinidae

Campostoma anomalum
Cyprinella spiloptera

Cyprinus carpio

Luxilus chrysocephalus

Lythrurus umbratilis

Notropis buccata

Notropis stramineus

Phenacobius mirabilis

Pimephales notatus

Pimephales promelas

Pimephales vigilax

Rhinichthys atratulus

Semotilus atromaculatus

Catostomidae

Carpiodes carpio

Carpoides cyprinus

Catostomus commersoni

Hypentelium nigricans

Moxostoma duquesnei

Moxostoma erythrurum

Ictaluridae

Amehints natalis

Ictahirus punctatus

Poeciliidae

Gambusia affinis 1 1 14 22

Atherinidae

Labidesthes sicculus 6 8 14

Centrarchidae

A mbloplites rupestris

Lepomis cyanellus

Lepomis macrochirus

Lepomis megalotis

Lepomis microlophus

Micropterus dolomieu

Micropterus salmoides

Pomoxis annularis

Pomoxis nigromaculatus

Percidae

Etheostoma blennioides

Etheostoma caeruleum

Etheostoma nigrum

Etheostoma spetabile

312 26 43 381

1607 478 377 2462

1 6 1 8

266 91 103 460

24 23 22 69

1699 401 268 2368

891 310 202 1403

7 7

382 116 89 587

124 12 47 183

1 1

17 15 32

203 17 78 298

5 5

4 4

17 6 28 51

17 5 1 23

1 1

1 1

13 2 17 32

2 1 3

1 1

9 14 23

77 52 31 160

12 26 8 46

4 12 16

3 17 20

215 40 65 320

2 2

2 2

22 5 1 28

108 17 40 165

134 23 136 293

61 15 25 101
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Table 2.—Continued.

Family

Species

Sites along White Lick Creek

A-D E-G H-K Total

2 2

36 28 24 39

6259 1727 1614 9600

Cottidae

Cottus bairdi

Total species

Total individuals

fore represent the northeastern boundary of

this species within Indiana. This species was

collected largely in dipnets, and occasionally

in seines.

Family Atherinidae (silversides).—The
brook silverside (Labidesthes sicculus, 14)

was collected solely from sites A, B, E & G
in Hendricks County. This fish was uncom-
mon to rare in the stream, which is similar to

data reported from Marion County (Whitaker

et al. 1987), as well as Vigo County (Whitaker

& Wallace 1973). Brook silversides were col-

lected in seines as well as by dipnetting at

night when they swam at the surface of the

water and were attracted to spotlights.

Family Centrarchidae (blackbass and
sunfish).—Nine species of bass and sunfish

were collected from the area, with only blue-

gill (Lepomis macrochirus; 160) and large-

mouth bass {Micropterus salmoides, 320)
abundant in both counties. Green sunfish (L.

cyanellus, 23), longear sunfish (L. megalotis,

46), redear sunfish (L. microlophus, 16),

smallmouth bass (M. dolomieu, 20), and black

crappie (Pomoxis nigromaculatus, 2), were all

collected from Hendricks County, along with

a bluegill-green sunfish hybrid. The only rock

bass (Ambloplites rupestris, 1) was collected

in Hendricks County at site B with a dipnet.

The longear sunfish, largemouth bass, and

white crappie (P. annularis, 2) were collected

from Marion County in relatively low abun-

dance.

Family Percidae (darters).—Four species

of darter were observed, with the decreasing

order of abundance being johnny darter (Eth-

eostoma nigrum, 293), rainbow darter {E. ca-

eruleum, 163), orangethroat darter {E. spect-

abile, 103), and the greenside darter (is.

blennioides, 28). The only other darter asso-

ciated with this stream has been the dusky
darter (Percina sclera) (Stahl et al. 1997). but

it was not observed during this survey.

Family Cottidae (sculpins).—The mottled

sculpin {Cottus bairdi, 2) was collected onl\

from site B in Hendricks County in 2002. al-

though a specimen was collected from site E
in 2001. Based on other work (Stahl et al.

1997); this species is believed to be more
abundant than observed, but due to their rock-

dwelling behavior, specimens were difficult to

obtain using seines.

IBI AND OTHER MEASURES OF
QUALITY RELATIVE TO DISTANCE

FROM INDIANAPOLIS

Examination of the fish fauna of the East

Fork of White Lick Creek provided an oppor-

tunity to measure the impact of the Indian-

apolis metropolitan area (from highway US-
40) and a heavily-used transportation corridor

(1-70) on the fish assemblage of this small

stream. Stahl et al. (1997) found that the three

sites south of the airport had IBI qualities of

good, while the two sites north o\' the airport

were fair to poor, thus suggesting that urban-

ization may be the cause of these observa-

tions. A more intensive survey and assessment

of the stream was needed to determine it the

Indianapolis metropolitan area or 1-70 could

have been the disturbance in question. The

first comparison performed was that oi fish

species richness (total number of species of

fish recovered from each site). Species rich-

ness was positively correlated with distance

from US-40 (Linear Regression. F(df=a
=

8.756. P = 0.018. r2 = 0.523; Fig. 2). while

distance from 1-70 was not significant!) relat-

ed to species richness (Linear Regression.

F(df=8)
- 1.276. P = 0.291. r : = 0.138). Fish

abundance per seining effort was strongl) re-

duced by distance from US-40 (Quadratic Re-

gression. F(df 7)
= 20.6. P = 0.001; r2 =

0.855; Fig. 3), and weakly associated \\ ith dis-

tance from 1-70 (Quadratic Regression. F(df=8)

= 4.062. P = 0.079: r2 = 0.337). The fact
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that increasing distance from the Indianapolis

metropolitan area is reflected by a nonlinear

increase in fish abundance (Fig. 3) is interest-

ing because it provides insight into the size of

the buffer that could serve to preserve this fish

community. In the East Fork of White Lick

Creek, a dramatic increase in fish abundance

occurred at a distance of 8 km from the In-

dianapolis metropolitan area. This corre-

sponds closely with the area of the stream that

received "good scores" in the IBI. This is also

the portion of the stream that is at the heart

of the bat conservation area, and it will be

permanently preserved. Thus, management
activities aimed at bats are also preserving

fish.

The IBI calculated for the East Fork of

White Lick Creek suggested that stream qual-

ity in relation to fish community ranged from

good to fair-poor (Fig. 4). These results sug-

gested that stream quality also significantly in-

creased with distance from the Indianapolis

metropolitan area (linear regression, F(df=g)
=

14.45, P = 0.005; r2 = 0.644), and that no

relationship existed between stream quality

and distance from 1-70 (linear regression,

F(df=8)
= 0.96, P = 0.355; r2 = 0.108). Be-

cause the IBI is an index that incorporates a

wide range of ecological attributes to describe

a community, improved IBI scores with in-

creasing distance from the Indianapolis met-

ropolitan area are evidence that either the area

is poor habitat or that the metropolitan area is

disrupting the natural fish community. The
preliminary assessment of the stream south of

the airport resulted in consistent IBI scores of

50 (Stahl et al. 1997), which were not signif-

icantly different than our downstream results

(*
(df=2)

= 1-00^ P = 0.4). Stahl et al. (1997),

however, did not measure enough sites to de-

tect the degree of change over distance in

stream quality that we detected. Both the rel-

ative abundance of fish and IBI scores in-

creased dramatically with distance from Indi-

anapolis at US-40. Fish communities did not

score in the good category of the IBI until a

minimum of 8 km from US-40. Simon and

DuFour (1997) included a single sampling

point along the Main Fork of White Lick

Creek, which received an IBI score of 36, two
points below the lowest score we recorded on

the East Fork. Given that the Main Fork is

much more heavily developed than the East

60
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Figure 4.—Relationship between Index of Bio-

logical Integrity scores and distance downstream

from Indianapolis. A positive linear relationship is

observed between the increasing IBI scores and dis-

tance from Indianapolis.

Fork, we consider this additional evidence for

the negative impacts of development.

Flooding is another factor that needs to be

considered in any future analyses of this and

other similar streams. The section of the East

Fork of White Lick Creek that we sampled

was prone to increase nearly 1 m in depth in

as little as 30 min (pers. obs.). This may be

influenced by the presence of large areas of

urbanized, solidified concrete matrix to the

north of our site. Although we attempted to

avoid flooding events, one collection each at

sites J and K was performed under flooded

conditions. During flooded conditions, we
captured larger individuals as well as a greater

biodiversity and abundance of fish. This could

be a result of larger fish being better at avoid-

ing capture in clearer water at low water lev-
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els. For example, at site J, the flooded collec-

tion accounted for 529 out of 786 (67.3%)

individuals captured during three visits. Had
we collected these samples at times when the

stream was not flooded, we probably would

have found even stronger evidence of the im-

pact of the Indianapolis metropolitan area. Fu-

ture studies should consider a combination of

seining and electro-shocking, to compensate

for these variations in sampling. In particular,

the effect of flooding needs to be considered

when collecting and analyzing data along

streams of this size. In addition, the behaviors

of fish and other aquatic organisms may bear

examination during these turbulent conditions.

As additional areas become heavily urban-

ized, the natural drainage systems will become
further modified because of increased runoff.

These modifications may lead to a decrease in

stream quality and would be reflected by an

increase in pioneer and tolerant species and a

decrease in the percentage of simple litho-

philic breeders. This may become a bigger

problem with the development of a new in-

terchange near the junction of 1-70 and the

stream. This interchange is currently under

construction, and one aspect of the plan in-

volves moving a 489 m portion of the stream.

The effects of moving this section of the

stream and the affiliated construction should

be addressed in a future study. Finally, this

study area presents a unique opportunity to

address questions about the impact of urban-

ization on wildlife. By combining the results

of this study with ongoing studies of other

taxa, including the habitat monitoring that is

being conducted as part of the bat manage-
ment plan (American Consulting, Inc. 2002),

we hope a better understanding of the effects

of urbanization will be obtained.
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URBAN HERPETOLOGY II: AMPHIBIANS AND REPTILES
OF THE INDIANAPOLIS AIRPORT CONSERVATION LANDS

B. Jagger Foster, Dale W. Sparks, and Joseph E. Duchamp 1

: Department of Life

Sciences; Indiana State University; Terre Haute, Indiana 47809 USA

ABSTRACT. Prior to the construction of a new highway interchange on lands managed b\ the Indi-

anapolis International Airport, we surveyed the amphibians and reptiles. This study was done in Hendricks

and Marion counties, Indiana between April 2001 and October 2003. We recorded 1 1 amphibian species

and 9 reptilian species during the survey. The amphibians, in approximate order of decreasing abundance,

were: Acris crepitans, Pseudacris crucifer, Bufo americanus, Pseudacris triseriata, Rana catesbeiana,

Rana clamitans, Bufo fowlerii, Hyla chrysoscelis, Hyla versicolor, Ambystoma texanum, and Eurycea

cirrigera. Reptilian species were: Thamnophis sirtalis, Nerodia sipedon, Apalone spinifera. Elaphe ob-

soleta, Chrysemys picta, Chelydra serpentina, Trachemys scripta, Terrapene Carolina, and Coluber con-

strictor. The heavily developed area north of Interstate Highway 70 (1-70) and the rural, agricultural area

south of 1-70 shared virtually identical frog species, but the numbers of individuals were greatly reduced

north of 1-70. Reptiles and salamanders were less abundant and less diverse north of 1-70. A group of

retaining ponds in a warehouse district north of 1-70 was inhabited by Acris crepitans. Bufo americanus.

Rana catesbeiana, and R. clamitans. A wetland complex that was developed to help offset effects of

wetlands lost due to the airport expansion was the most diverse area we encountered. It contained 14 of

the 20 species found during the project.

Keywords: Amphibians, reptiles, conservation, Indiana, Indianapolis International Airport, urbanization

Indianapolis International Airport (IIA) is

in a rapidly-developing area on the south-

western edge of Indianapolis, Marion County,

Indiana (Fig. 1). Natural habitats in this area

occur primarily as fragmented patches of var-

ious sizes and with varying degrees of isola-

tion (Sparks et al. 1998). Fragmentation has

been found to have a negative impact on am-
phibian and reptilian populations (Germaine

& Wakeling 2001; Pough et al. 1998; Ko-
lozsvary & Swihart 1999). Our study area is

a series of properties that lie south and west

of IIA in Marion and Hendricks counties. In-

dianapolis Airport Authority purchased this

land as part of a federal noise reduction plan

and to preserve habitat for the Indiana bat

{Myotis sodalis), a federally-endangered spe-

cies. The conservation lands consist of many
small, fragmented woodlots that are surround-

ed by a matrix of agriculture, residential hous-

ing, and commercial properties (Sparks et al.

1998). Because of the presence of a rapidly

developing urban area, active ecological res-

1 Current Address: Department of Forestry and

Natural Resources; Purdue University; West Lafay-

ette, Indiana 47907 USA

toration, and on-going mitigation efforts, this

area provides an unusual opportunity to study

the impacts of urbanization on a variety of

taxa including both amphibians and reptiles.

Also, the results of this study can be used to

influence future conservation decisions as part

of the area is designated as permanent habitat

for bats.

Our primary objective was to assess the

herpetofauna occurring on IIA properties. In

doing so, we compared the more urban area

north of 1-70 and the more rural area south of

1-70 to examine the effects of development on

amphibians and reptiles. We also compared

two man-made aquatic habitats (described be-

low): retaining ponds located amongst ware-

houses north of 1-70. and mitigation wetlands

south of 1-70. Both areas were constructed in

the 1990s. These retaining ponds are reminis-

cent of tail-water pits that are permitting wet-

land species to invade the High Plains of Kan-

sas (Sparks et al. 1999). As such, retaining

ponds may allow some amphibians to contin-

ue to persist in urban habitats. Thus we com-

pared the retaining ponds to the mitigation

wetlands to determine if the\ serve as a refuge

for amphibians and reptiles in urban areas.

53
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Marion County

Constructed wetlands

8 Kilometers

Figure 1
.—Map of the Indianapolis International Airport Conservation Lands showing the spatial ar-

rangement of local landmarks. The upper left figure represents the location of Hendricks, Marion, and

Morgan counties in Indiana. The upper right figure shows how the study area (hashed lines) relates to the

greater Indianapolis metropolitan area (stippled polygon). The bottom figure details the proximity of local

landmarks including developed areas (stippled polygons abbreviated as: PL = Plainfield, WH = warehouse

district of Plainfield, and MO = Mooresville), transportation corridors (US-40 = U.S. Highway 40, US-
67 = U.S. Highway 67, 1-70 = Interstate Highway 70, IN-267 = Indiana Highway 267), and other features.
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METHODS

Study area.—Our study area (Fig. 1 ) en-

compassed approximately 30 km 2 and extend-

ed from U.S. Highway 40 to U.S. Highway
67 along the East Fork of White Lick Creek,

and west from Bridgeport Road to Indiana

Highway 267 (IN-267). Interstate Highway 70

(1-70) bisects the study site from east to west.

Smaller county and service roads dissect the

interior of the study area. In addition to a me-

dium-sized perennial stream (East Fork of

White Lick Creek), the area contains numer-

ous bodies of permanent water including new-

ly-constructed retaining ponds, farm ponds,

and a wetland area designed to mitigate the

wetlands loss from the airport expansion.

We studied 17 retaining ponds ranging in

size from 0.2-1.8 ha (x = 1.0) in the ware-

house district north of 1-70. All are associated

with post- 1990 construction, and three were

constructed in 2001. Vegetation surrounding

these ponds was regularly mowed, with little

woody vegetation present. These ponds were

constructed to reduce problems associated

with runoff, with most of them fed by runoff

from rooftops and parking lots.

The mitigation wetlands, conversely, were

specifically designed to provide habitat for

wildlife. The wetland complex (54.5 ha total)

lay along the west bank of East Fork of White
Lick Creek just north of the Hendricks/Mor-

gan County line, and contained a variety of

habitats. Three ponds (1.4 ha each) were de-

signed to flood temporarily. Vegetation in

these ponds mainly consisted of cottonwoods

{Populus deltoides), willows (Salix sp.), cat-

tails {Typha latifolia), and smartweeds (Polyg-

onum). Three smaller ponds (1.0 ha) con-

tained approximately 15 cm of standing water,

and the margins of these ponds were ringed

with a thick growth of cattails. Deeper water

(up to 3 m deep) was provided by a farm pond

(0.6 ha) that was already present when IIA

purchased the property. Vegetation surround-

ing these ponds consisted primarily of pasture

grasses and planted wildflowers. Wooded hab-

itat was also provided by the riparian forest

that bordered the stream, and by trees planted

in the summer of 2002.

Survey techniques.—Most of our research

was conducted from 2001-2003 for as long as

amphibians and reptiles were active. To locate

adult amphibians and reptiles we searched un-

der cover objects such as logs, sheet metal,

riprap, and construction debris throughout the

area. We set minnow traps in aquatic habitats

to catch amphibians and snakes (a total of 120

trap-days, February-June 2001-2002). We
also drove a standard route on 12 occasions

through the study area on nights during or fol-

lowing heavy rains to look for animals on the

road and listen for calling frogs. Because we
were unable to obtain permission to directly

sample these ponds, driving this route was the

primary technique used to determine if the re-

taining ponds served as amphibian habitat. In

addition to these techniques, we noted any

amphibians or reptiles encountered during

other research projects. During the three-year

period of the study we spent approximately

2400 hours actively searching for specimens.

Representative specimens were collected

whenever possible and deposited in the Indi-

ana State University Vertebrate Collection.

RESULTS AND DISCUSSION

We documented a total of 1 1 amphibian

species and 9 reptile species throughout the

study area (Table 1 ). From Hendricks County,

we captured 9 of the 15 species reported by

Minton (2001), 10 additional species reported

by Foster et al. (2003), and herein document
a twentieth species. In Marion County, we
captured 7 species of amphibians and 4 spe-

cies of reptiles, all previously reported by

Minton. Below is an annotated list (taxonomy

and order of species accounts follows Minton

(2001), except we recognize the southern

leopard frog as Rana sphenocephala instead

of Rana iitricularia) of species we captured or

observed during the study. Numbers in paren-

thesis are Indiana State University Vertebrate

Collection (ISUVC) numbers of voucher spec-

imens.

CLASS AMPHIBIA
ORDER CAUDATA

Family Ambvstomatidae.—The small-

mouth salamander {Ambystoma texanum,

ISUVC #4089) is the only mole salamander

we captured. Although we trapped intensively

for aquatic breeding salamanders, we success-

fully captured this species at only two sites.

One of these was at the northern most point

of the mitigation wetlands, and the second

was in a small intermittent stream in the

woodlots used bv the bats (Fie. 1 ).
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Table 1.—Total number of amphibian and reptiles recorded near the Indianapolis International Airport

from 2001-2003. Records are reported from both the highly developed (urban) area north of Interstate

Highway 70, and the more rural area south of Interstate Highway 70. The number of frog calls was
estimated by a single observer (BJF).

Estimated calls Visual sightings

Species Urban Rural Total Urban Rural Total

Frogs

American toad 1 151 152 2 1 3

Fowler's toad 44 44 1 1

Cricket frog 356 1380 1736 3 150 153

Cope's treefrog

Gray treefrog

Spring peeper

Western chorus frog

1

2

14

20

8

1983

106

21

8

1985

120 1

2

3

2

3

1

Bull frog 27 76 103 6 32 38

Green frog 28 75 103 10 9 19

Salamanders

Smallmouth 7 7

Two-lined 1 1

Turtles

Snapping

Painted

2 5

8

7

8

Box 3 3

Red-eared 2 2

Spiny softshell 2 14 16

Snakes

Racer 2 2

Black rat 3 7 10

Garter 4 23 27

Banded water 18 18

Total 473 3799 4272 33 288 321

Family Plethodontidae.—The only pleth-

odontid seen within the study area was a sin-

gle two-lined salamander (Eurycea cirrigera,

ISUVC #4104). However, several other two-

lined salamanders were captured and released

in Pioneer Park in Mooresville (Morgan
County) just south of our study area. We sus-

pect that this salamander occurs only in small

and relatively isolated populations within the

study area.

ORDER ANURA
Family Bufonidae.—We found two species

of Bufonidae. The American toad (Bufo amer-

icanus, ISUVC #3594, 4029, 4030) was com-
mon both north and south of 1-70. Fowler's

toad (B.fowleri, ISUVC #4031) was restricted

to areas immediately adjacent to development.

Specifically, this included a small area behind

a shopping mall just north of the warehouse

district, and a pond in a subdivision adjacent

to Highway 267.

Family Hylidae.— We found five species

of Hylidae. The cricket frog (Acris crepitans,

ISUVC #4020) was the most common am-
phibian throughout the study area. We ob-

served cricket frogs in a variety of habitats:

flooded agricultural fields, retaining ponds,

mitigation wetlands, and farm ponds. The sec-

ond most common species at IIA was the

spring peeper {Pseudacris crucifer, ISUVC
#4021). It was encountered in every type of

aquatic habitat. Both species were common at

the mitigation wetlands.

We heard vocalizations from both members
of the gray treefrog complex. We collected a

voucher specimen of Cope's gray treefrog

(Hyla chrysoscelis, ISUVC #4019, identity

verified by call). Hyla chrysoscelis was found

throughout the study area. Gray treefrogs



FOSTER ET AL.—URBAN HERPETOLOGY 57

(Hyla versicolor) were heard calling south of

1-70, and both species were often heard cho-

rusing within the same body of water. We
were unable to obtain a specimen of H. ver-

sicolor, but our call records are the first report

of H. versicolor from Hendricks County.

The western chorus frog (Pseudacris tris-

eriata, ISUVC #4022) was encountered at

only four localities: two flooded areas north

of 1-70, the mitigation wetlands, and the bat

roosting area, where it was most common. We
were surprised that the western chorus frog

was not encountered more frequently.

Family Ranidae.—Both the bullfrog (Rana

catesbiana, ISUVC #4023) and green frog

(Rana clamitans; ISUVC #4024, 4027, 4028)

were common throughout the study area. Bull

and green frogs were often heard calling from

the mitigation wetlands. Bullfrogs were abun-

dant in the retaining ponds in the warehouse

district, whereas green frogs occupied a pond
immediately south of the warehouse district.

CLASS REPTILIA
ORDER TESTUDINES

Family Chelydridae.—The common snap-

ping turtle (Chelydra serpentina, ISUVC
#3838, 4103) was found throughout the study

area in farm ponds and pools of the East Fork

of White Lick Creek.

Family Emydidae.—We found three spe-

cies of Emydidae. Midland painted turtles

(Chrysemys picta; ISUVC #4034, 4035) were

found in small ponds throughout the study

area and observed sporadically in White Lick

Creek. The eastern box turtle (Terrapene Car-

olina, ISUVC #4107), and the red-eared slider

(Trachemys scripta, ISUVC #4033) were en-

countered only occasionally. Two box turtles

were observed in the bat roosting area, and

one was found dead on a county road. The
slider was recorded only twice—a dead ju-

venile taken at the mitigation wetlands, and a

large adult observed basking in a pond.

Family Trionychidae.—The eastern spiny

softshell turtle (Apalone spinifera, ISUVC
#4108) was the only trionychid we found.

Most observations were of turtles basking on
the banks of the East Fork of White Lick

Creek.

ORDER SERPENTES

Family Natricidae.—We found two spe-

cies of Natricidae. The eastern garter snake

(Thamnophis sirtalis, ISUVC #3596. 4039,

4040, 4041) was found both north and south

of 1-70. Our data suggest this is the most com-
mon snake in the developed areas. The banded

water snake (Nerodia sipedon, ISUVC #4038)

was more common in less-developed areas,

but still less common than the eastern garter

snake.

Family Colubridae.—We found two spe-

cies of Colubridae. We found two southern

black racers (Coluber constrictor, ISUVC
#3837, 4044) dead along county roads. Al-

though adequate habitat was present, the black

racer was rare at IIA. The black rat snake

(Elaphe obsoleta; ISUVC #4105, 4106. 4072)

was more common in the southern portion of

the study area, and also occurred in the de-

veloped area north of 1-70.

SPECIES OF POSSIBLE OCCURRENCE
Little is known of the historical distribu-

tions of amphibians and reptiles on the IIA

site, particularly those in Hendricks County.

Five amphibian species that we expected at

IIA, but did not encounter during the study.

were: eastern tiger salamander (Ambystoma ti-

grinum), redback salamander (Plethodon ci-

nereus), zigzag salamander {Plethodon dor-

salis), slimy salamander (Plethodon

glutinosns), and the southern leopard frog

(Rana sphenocephala). Additional amphibians

that could occur at the IIA properties by virtue

of their range and habitat preference, but were

not observed during our survey, include: mud-
puppy (Necturus maciilosus), Jefferson's sal-

amander (Ambystoma jeffersonianum). spotted

salamander (Ambystoma maculatum), marbled

salamander (Ambystoma opacum), eastern

newt (Notophthalmus viridescens), northern

leopard frog (Rana pipiens), and wood frog

(Rana sylvatica).

We hypothesize that three of these amphib-

ians have been eliminated by development.

The redback salamander is especially sensitive

to habitat fragmentation (Kolozsvary & Swi-

hart 1999). and thus has likely been eliminat-

ed. The slimy salamander and southern leop-

ard frog have both been documented in the

vicinity of our study area (Minton 2001), but

they are now either absent or greatly reduced

in numbers. Interestingly, Brodman (2003)

noted slimy salamanders are now frequently

absent from areas where the species once oc-

curred.
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Five common reptiles expected at IIA, but

not encountered, were stinkpot turtle (Ster-

notherus odoratiis), northern ringneck snake

(Diadophis punctatus), midland brown snake

{Store ria dekayi), eastern hognose snake (Het-

erodon platirhinos), and five-lined skink (Eu-

meces fasciatus). We may have overlooked

the stinkpot turtle because turtle traps were

not used to sample ponds. It is common
throughout most of Indiana and may be pre-

sent at IIA. The midland brown snake also

may be present at IIA as it is found in both

urban and suburban areas (Minton 2001). Oth-

er researchers (D. Brown & R. Marrs pers.

commun.) noted that the ringneck snake was

present on the study area prior to develop-

ment. Both the eastern hognose snake and the

five-lined skink have been found previously

in the vicinity of our study site (Minton 2001),

but we found none despite exhaustive search-

es. Thus we suspect three reptiles (ringneck

snake, eastern hognose snake, and five-lined

skink) have been eliminated by development.

Additional reptiles that could occur at the

IIA properties by virtue of their range and

habitat preference but were not observed dur-

ing our survey include: broadhead skink (Eu-

meces laticeps), Kirtland's snake (Clonophis

kirtlandii), milk snake {Lampropeltis trian-

gulum), rough green snake {Opheodrys aesti-

vus), and eastern ribbon snake (Thamnophis

sauritus). The mitigation wetlands, fragment-

ed woodlots, and old fields are suitable habitat

for most of these species. Kirtland's snake,

still present in the Indianapolis area, has be-

come rare in recent years and is now listed as

a state-endangered species. Thus, it is unlikely

to occur on our study site. Some of the other

species listed above may still be present in

small numbers; but we suspect that most, if

not all, have been extirpated by development.

RETAINING PONDS

The retaining ponds were used by four an-

urans: cricket frog, bullfrog, green frog, and

American toad. All four species were also pre-

sent at the mitigation wetlands and in many
other parts of the project area. Other species

(such as chorus frogs, spring peepers, and the

gray tree frog complex) might use retaining

ponds if small portions of wooded habitat and

un-mown grasslands are set aside when future

retaining ponds are built. In addition, most of

the current retaining ponds are separated from

other aquatic habitats by roads. At present,

these ponds provide habitat for only the most

abundant and vagile species of anurans.

MITIGATION WETLANDS
A greater variety of local amphibians and

reptiles was found in the mitigation wetlands

than in the other habitats. The area provided

ample breeding habitat and diversity in sur-

rounding habitat (adjacent woodlots, creeks,

farm ponds, and shallow temporary Ashless

depressions). All amphibian species, except

Fowler's toads and two-lined salamanders,

were found in the mitigation wetlands. Given

that the area surrounding the wetlands is now
being reforested as part of the bat manage-

ment efforts, this area should continue to im-

prove as habitat for amphibians and reptiles.

IMPACTS OF DEVELOPMENT
Overall, our data suggest natural habitats

adjacent to agricultural lands are more valu-

able than those adjacent to urban development

for maintaining population and species diver-

sity among amphibians and reptiles. This

trend toward fewer species in developed hab-

itats is seen in frogs, salamanders, and rep-

tiles.

Our results indicate frog populations are re-

duced in the developed area north of 1-70.

These results, however, also indicate that most

anuran species continue to persist. All but one

anuran species occurred both north and south

of 1-70. Hyla versicolor was only found south

of 1-70. Bullfrogs and green frogs were not

the most numerous in terms of individual an-

imals, but both species were present in even

the most heavily-developed areas.

We captured salamanders only in the less-

developed area south of 1-70 because we were

unable to locate suitable (without fish) ponds

north of 1-70, and every potential pond we
trapped yielded fish. We did search for sala-

manders under debris in suitable woodland

habitat and found none. Thus, it is likely that

salamanders are absent in the portion of our

study area north of 1-70.

Reptiles, conversely, were both less abun-

dant and had less biodiversity north of 1-70.

Only four of nine reptile species occurred

north of the interstate. Although some turtles

may have been overlooked in both areas, rep-

tiles seem more sensitive than amphibians to

urban development. Brodman (2003) suggest-
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ed that in Indiana reptiles are more threatened

than amphibians, a statement with whieh we
agree. Despite the fact that both our study and

Brodman's were more efficient at detecting

amphibians, the absence of what are thought

to be common reptiles (such as the banded

water snake and North American racer) in de-

veloped areas is disturbing.

Faunal surveys are of particular value when
the area surveyed has the potential of being

permanently preserved (Vincent et al. 1998).

Despite continual habitat modification at our

study site, appreciable numbers of amphibians

and reptiles occur at IIA. It is our hope this

assessment of reptile and amphibian popula-

tions surrounding IIA will contribute to pres-

ervation of the remaining undeveloped land,

and aid in planning restoration of areas ob-

tained as part of the noise reduction plan and

other future mitigation efforts. Particular at-

tention should be paid to providing fish-free

ponds within woodlots for frogs and salaman-

ders, and to preserving the remaining wood-
lots in the area.
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COLONIES AND REPRODUCTIVE PATTERNS
OF TREE-ROOSTING FEMALE EASTERN PIPISTRELLE BATS

IN INDIANA

Jacques Pierre Veilleux: Department of Biology, Franklin Pierce College, Rindge,

New Hampshire 03461 USA

Sherry L. Veilleux: Department of Life Sciences, Indiana State University, Terre

Haute, Indiana 47809 USA

ABSTRACT. We investigated colonies and reproductive patterns of adult female eastern pipistrelles,

Pipistrellus subflavus, in Indiana during the non-hibernation season in 1999-2000. Females began to form

small colonies (range. 1-8 individuals) during early May, and parturition occurred during late June and

early July (sex ratio of young = 1:1 ). Young pipistrelles began to fly during middle to late July. Colonies

of adult females began to disband soon after the young became volant. After leaving colonies, the adult

females roosted singly for the remainder of the summer, and then moved to hibernation sites from late

August through September. This study is the first detailed description of tree colonies and reproductive

patterns of eastern pipistrelles roosting in natural structures.

Keywords: Bats, eastern pipistrelle, Pipistrellus subflavus, colonies, reproduction, tree roosts

Eastern pipistrelles are common across the

mid-western United States (Barbour & Davis

1969), and in summer prefer wooded habitats

near permanent water sources such as streams

and ponds (Mumford & Whitaker 1982). The
eastern pipistrelle is usually a tree-roosting

species, spending the day in clusters of dead

or live foliage (Veilleux et al. 2003). Although

eastern pipistrelles roost mainly in tree fo-

liage, they sometimes roost in buildings; and

to date studies investigating populations and

reproduction of eastern pipistrelles in summer
are based solely on colonies located in man-

made structures (Allen 1921; Cope et al.

1961; Jones & Pagels 1968; Jones & Suttkus

1973; Whitaker 1998; Winchell & Kunz
1996). In this study we examined colonial be-

havior and reproductive patterns of eastern

pipistrelles roosting in trees.

Female eastern pipistrelles leave hibernac-

ula during April through mid-May (Whitaker

& Rissler 1992), presumably migrate a rela-

tively short distance (perhaps 50-100 km),

and then begin to form summer colonies

(Hoying & Kunz 1998; Whitaker 1998). After

a gestation period of approximately 44 days

(Wimsatt 1945) females give birth to two

young (Lane 1946; Whitaker 1998; Wimsatt

1945) in late June to early July (Hoying 1983;

Whitaker 1998). However, parturition may oc-

cur as early as late May at more southern lat-

itudes (Jennings 1958). In many litters only

one pup survives due to predation (Hoying &
Kunz 1998) or other unknown factors. Young
fly when approximately three weeks old and

are able to effectively forage about one week
later (Fujita & Kunz 1984). Adults leave the

maternity roost once the young are fully

weaned (Hoying 1983; Whitaker 1998), al-

though the young may remain in the roost for

longer periods. Whitaker (1998) reported

mean summer colony size in man-made roosts

to be 15 individuals (range 7-29), and Hoying
& Kunz ( 1998) report the largest summer col-

ony on record at approximately 55 bats.

The purpose of our study was to investigate

colonial behavior (arrival at summering
grounds, colony size and fluctuations, summer
colony breakdown, migration to hibernacula

following the summer roosting season) and

describe reproduction events (dates of preg-

nancy and parturition for adult females, and

first flight and weaning of young) for eastern

pipistrelles roosting in trees. We also compare

these data with similar data from pipistrelle

colonies located in buildings.

METHODS
Data were collected mainly during April

through September 1999 and 2000 at Prairie

60
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Creek in southwest Vigo County, in southwest

Indiana (UTM 43.48.000N, 4.54.000E), al-

though information from several mist-netting

samples collected during 1997 and 1998 also

is included (see Veilleux et al. 2003 for details

of habitat and netting areas). Mist-netting and

radio-telemetry were used to gather data on

dates of arrival and departure from summering

grounds, dates and duration of female repro-

ductive stages (i.e., pregnancy, lactation, post-

lactation), and dates of first flights of juve-

niles.

Mist-netting consisted of using two mist-

nets, one above the other, for a combined sur-

face area of 45 m2 (9 m long, 5 m high). Mist-

nets were typically manned from dusk until

midnight. Once captured, each bat was
weighed and assessed for sex, age, and repro-

ductive status. Age class (adult/juvenile) was
determined by the degree of ossification of

epiphyseal plates on the phalanges (Anthony

1988). Adult females were classed as pregnant

by the degree of distension of the abdomen,

and as lactating if milk could be expressed

after gentle pressure was applied to the teat

(Racey 1988). Bats were considered non-re-

productive if the abdomen was not distended

(typical of bats caught very early in the year,

i.e., late April to early May), or if no milk

could be expressed from teats that had been

obviously suckled (hereafter termed post-lac-

tating). Bats were fitted with a numbered plas-

tic or aluminum wing band (Barclay & Bell

1988) to allow future identification of recap-

tured individuals. Bands were fitted to the left

wing of females and right wing of males.

Radio-telemetry was used to locate tree

roosts of female pipistrelles. Adult female pip-

istrelles were fitted with small (0.45 g) radio-

transmitters (Model LB-2, Holohil Inc., On-
tario, Canada; Model LTM, Titley Electronics,

New Ballina, Australia). A small amount of

fur was trimmed from between the scapula,

and the transmitter was glued into place using

a non-toxic surgical adhesive (Skin-Bond,

Smith + Nephew, Largo, Florida). Mean per-

cent body mass of transmitters was 7.09r. Fol-

lowing processing, bats were immediately re-

leased at their point of capture. Radio-tagged

bats were tracked to their day roosts on the

following day, and each day thereafter until

the transmitter battery failed or the transmitter

detached from the bat.

Bats were tracked to roost trees using a ra-

dio-receiver (Model TRX2000S. Wildlife Ma-
terials, Carbondale, Illinois) and a 3-element

Yagi antenna. After a roost tree was located.

the location of the bat was estimated using the

receiver; and up to four hours were spent

searching for the specific roost location using

binoculars and a spotting scope. Daily emer-

gence counts were made at each roost to gath-

er data on colony size; and on several occa-

sions, to determine whether young were
present. Emergence counts were conducted

until 10 min after the last bat emerged. To

avoid potential bias (i.e., the effect of distur-

bance during radio-tagging), if bats were

tracked to a roost tree on the first day of mon-
itoring, and on subsequent days never re-used

that roost, data from that roost were not in-

cluded in later analyses. Data were reported

as mean ±SD. Student's r-test and binomial

analyses were performed using SPSS \. 10

statistical software.

RESULTS

Arrival at summer habitat and colo-

nies.—Data describing capture rates of east-

ern pipistrelles are presented in Table 1 . The
earliest date that female pipistrelles were cap-

tured at Prairie Creek was 29 April in 1999

and 1 May in 2000. Some bats radio-tagged

in late April and early May were probably

spring migrants in transit. Single individuals

radio-tagged on 29 April. 6 May. and 9 May
in 1999 and on 2 May 2000. were never lo-

cated after the day following capture, and

were assumed to have continued migration

and left the study area.

Females began to establish summer resi-

dence at Prairie Creek during the first two

weeks of May in both 1999 and 2000. The
first female pipistrelles that remained at the

Prairie Creek study site were radio-tagged on

9 May 1999 and on 3 May 2000. Colonies

began to form in early May: and their com-
position was quite fluid, as indicated by the

behavior of several radio-tagged bats. The ear-

liest female to remain at the study site, radio-

tagged on 3 May 2000. roosted singly during

the entire observation period (4-9 May ). The

first radio-tagged females found roosting in a

colony occurred on 9 May 1999 and " May
2000. The individual from 1999. a female in

early pregnancy, roosted singly on three days.

and with other bats (approximately 2-5 bats:
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Table 1.—Biweekly captures of Pipistrellus subflavus at mist-net sites. Bats per net night is the number
of bats captured divided by number of net nights during each 2-week period.

April

1 5-30
May
1-15

May
1 6-3

1

June

1-15

June

1 6-30
July

1-15

July

1 6-3

1

August

1-15

August

16-31

Sept.

1-15

Sept.

16-31

# Net nights 11 13 10 13 9 12 25 14 12 7 2

Adult female

No. of bats

No. per net night

2

0.2

20

1.5

8

0.8

10

0.8

5

0.6

8

0.7

4

0.2

3

0.2

2

0.2 0.0 0.0

Adult male

No. of bats

No. per net night 0.0

1

0.1

5

0.5

3

0.2

1

0.1

2

0.2

5

0.2 0.0

4

0.3

2

0.3

1

0.5

Juvenile female

No. of bats

No. per net night 0.0 0.0 0.0 0.0 0.0 0.0

6

0.2

3

0.2

4

0.3 0.0 0.0

Juvenile male

No. of bats

No. per net night 0.0 0.0 0.0 0.0 0.0 0.0

8

0.3

3

0.2

1

0.1 0.0 0.0

exact number of individuals could not be

counted) on five occasions. In 2000, a female

in early pregnancy was monitored between 7—

13 May 2000, and roosted with 4-7 other

bats.

Pregnancy .—A total of 35 pregnant pipis-

trelles was captured: 10 between 9 May-B19
June 1999, and 25 between 6 May-B23 June

2000. The first pipistrelles with slightly dis-

tended abdomens (indicating early pregnancy)

were observed on 9 May 1999 and on 6 May
2000. By 16 June 1999 and 13 June 2000
pregnant females had large, distended abdo-

mens, with body masses between 8-11 g.

Parturition.—Earliest dates of parturition

were estimated by direct observation of non-

volant young remaining at the roost when
mothers left to forage in the evening. On 29

June 1999, at least one young bat was present

in a roost located within the live foliage of a

hackberry (Celtis occidentalis) tree, indicating

that at least one adult female had given birth.

On 26 June 2000, at least one young bat was
present in a roost located in live foliage of a

sugar maple (Acer saccharum), again indicat-

ing at least one female had given birth. This

roost remained occupied for the next six days,

and adults were apparently giving birth during

this period because 4-6 young were visible

by the fourth day.

Seven lactating pipistrelles were captured:

1 in 1999 and 6 in 2000. The earliest capture

dates for lactating females were 29 June 1999

and 30 June 2000. The latest capture of a lac-

tating female occurred on 6 July 2000. Ad-
ditional lactating females were likely present

past this date because pregnant pipistrelles

were captured as late as 23 June, and lactation

lasts at least 3-4 weeks (Hoying 1983; Whi-
taker 1998).

Size of reproductive colonies.—Data are

reported for 16 reproductive colonies; 9 pre-

maternity colonies (only pregnant females

present) and 7 maternity colonies (pre-weaned

young and/or lactating females present). Pre-

maternity colonies that were observed toward

the end of the pregnancy period may have in-

cluded some lactating females. Early mater-

nity colonies could have contained bats in late

pregnancy, and late maternity colonies may
have contained newly volant young. Mean
size of pre-maternity colonies was 3.7 ±1.9

bats; range 1-7. Mean size of maternity col-

onies was 4.4 ±2.4 bats; range 1-8. Size dif-

ference between pre-maternity and maternity

colonies was not significantly different (t =

-0.717, df = 14, P = 0.48).

First flight and weaning.—We estimated

the date of first flight of juvenile pipistrelles

by capturing newly volant young in mist-nets.

The earliest volant juveniles were captured on

26 July 1999 and 16 July 2000.

Disbanding of summer colonies.—By 20

July 1999 and 6 July 2000, colony size began

to fluctuate; and eventually females roosted

singly for the remainder of the summer. For
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example, the number of bats roosting with a

radio-tagged post-lactating female between

20-30 July 1999 varied daily: day 1 = two

bats; day 2 = one bat; day 3 = 1 bat; day 4
= four bats; day 5 = two bats; day 6 = un-

known; day 7 = one bat; day 8 = three bats;

day 9 = four bats; day 10 = unknown; day

1 1 = three bats. A lactating pipistrelle moni-

tored between 6-14 July 2000 exhibited sim-

ilar fluctuations in the number of bats she

roosted with across several days. She was

probably near the end of the lactation period,

and the number of bats at the roost varied: day

1 = seven bats; day 2 = three bats; days 3 =

two bats, day 4 = two bats; day 5 = two bats;

day 6 = unknown; day 7 = one bat. Six in-

dividuals were captured and radio-tagged after

4 August 1999 (n = 1) and 25 July 2000 (n

= 5); each was post-lactating and roosted sin-

gly-

Migration to hibernacula.—The number
of adult bats captured in mist-nets declined by

late July (Table 1). Most adult female pipis-

trelles appear to have left their summering
grounds (i.e., Prairie Creek) for hibernacula

by late August.

Radio-tagged adult female pipistrelles were

last observed at the study area on 18 August

1999 and 22 August 2000. The last adult fe-

males captured by mist-net occurred on 25

August 1999 and 15 August 2000 (the radio-

tagged individual from 22 August 2000). The
adult female captured on 25 August 1999 was
radio-tagged, but was not relocated, possibly

indicating the bat was a migrant in transit.

The last juveniles were captured on 3 Au-
gust 1999 and 18 August 2000. Occasional

captures of adult males continued for weeks
past the last capture of adult females. The lat-

est capture of adult males occurred on 25 Sep-

tember 1999.

Sex ratios.—There were 86 adult and 26
juvenile pipistrelles captured between 1997

and 2000. Among adults, females (n = 62)

were more commonly encountered than males

in = 24) by a nearly 3:1 ratio (P < 0.01 for

binomial test of 1:1). Juveniles were captured

at nearly equal numbers (/? = 12 males; n =

13 females).

DISCUSSION

Female eastern pipistrelles begin to settle at

their summer range (Prairie Creek) during ear-

ly May, and begin to form small colonies as

additional individuals arrived. This behavior

is similar to that observed for eastern pipis-

trelles colonizing man-made roosts early in

the summer roosting season. Whitaker (1998)

examined dates of first arrival and colony ac-

cretion for six man-made roosts in Indiana

over a four-year period. As the colonies grew,

most individuals (14 of 16 observations) ar-

rived at these roosts singly, or in pairs, over

several weeks.

In Indiana, pipistrelles that roost in man-

made structures appear to arrive earlier at

these roosts, as compared with pipistrelles

roosting in trees at the Prairie Creek study

site. Whitaker (1998) reported the earliest date

of arrival for pipistrelles utilizing man-made
roosts at 13 April, and 14 of 19 observations

of arriving pipistrelles were between 13-29

April. On several occasions first arrivals were

late: 17 May, 21 May, and 3 July, respective-

ly. Whitaker (1998) speculated that these in-

dividuals might have initially joined colonies

at other locations before moving on to their

respective man-made roosts.

Tree-roosting females may arrive at sum-

mer ranges relatively late because foliage

roosts are not available early in the spring

(whereas roosts in man-made structures are

presumably always available). Initial leaf-out

of trees at the Prairie Creek study site begins

in late April, but leaves are not fully formed

on most tree species until mid-May (pers.

obs.; last frost date for the study area averages

10 May). Hence, colony formation may be de-

layed compared to man-made roosts due to a

lack of suitable tree-roost sites (i.e.. leaf clus-

ters) early in the year.

At roosts located in man-made structures,

pipistrelle colony size gradually increases un-

til reaching a maximum size after approxi-

mately 22 ±10 days (Whitaker 1998). In our

study site, during both 1999 and 2000. max-

imum colony size was approached 1 1 days

past first residency at tree roosts. It appears

that colony size of tree-roosting bats reaches

maximum size earlier compared to colonies

from man-made roosts. The longer time need-

ed for colonies in man-made roosts to reach

maximum size may occur because more time

is needed for all bats to reach the colony

(building colonies contain, on average, nearly

four times the number of bats found in tree

roosts).
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Size of reproductive colonies differs be-

tween tree roosts and man-made roosts (col-

ony data for man-made roosts from Whitaker,

1998) in P. subflavus. Whitaker (1998) found

colonies averaged 15 individuals (range 7—

29). nearly four times the average colony size

for tree-roosting pre-maternity groups, and 3.5

times the average size of tree-roosting mater-

nity colonies. Other studies of roosting behav-

ior of pipistrelles in buildings also have re-

ported larger colony sizes compared to those

observed in tree-roosting colonies. For ex-

ample, Allen (1921), Cope et al. (1961), and

Hoying & Kunz (1998) reported pipistrelle

colony sizes located in man-made roosts at 1 8,

30, and 55 bats, respectively.

Two factors could contribute to the differ-

ences observed between size of colonies in

tree roosts and in man-made roosts. First, the

relative permanency of buildings compared to

tree roosts may allow greater numbers of pip-

istrelles to congregate at a particular roost

over several years. Tree roosts, particularly in

dead leaf clusters, are not available for more
than a single season and therefore may hinder

many bats from forming reliable social bonds

at a roost site. Second, the relatively small size

of foliage roosts may simply limit the number
of bats that are able to roost together.

Whitaker (1998) observed pipistrelles giv-

ing birth as early as 30 May, and as late as

1 1 July, with 92.2% of births occurring be-

tween 12 June and 1 July. During our study,

we did not detect evidence of parturition until

late June. Man-made roosts may be warmer
than foliage roosts because buildings, but not

foliage, are often protected from climate con-

ditions such as wind and rainfall. Because

gestation rate increases with increasing tem-

perature (Racy 1973), this may account for the

later parturition at tree roosts.

Whitaker (1998) found that most adult fe-

males left maternity roosts in buildings ap-

proximately one week after young became vo-

lant (although the adult females may have

remained in the same area but at different

roosts). Similar colony abandonment by tree-

roosting adult females may explain the de-

crease in their capture rates beginning in mid-

July and continuing through August.

In Indiana, male Indiana bats (Myotis so-

dalis) do not travel as far from hibernacula as

females. (Whitaker unpubl. data). If adult

male pipistrelles also remain nearer to hiber-

nacula, it could explain their relatively low

numbers at Prairie Creek. Whitaker & Rissler

(1992) monitored year round bat activity at a

hibernaculum located at Copperhead Cave
(Vermillion County, Indiana). Adult female

pipistrelles were not captured at the mine dur-

ing early summer, whereas adult males were

observed at the mine during both June and

July. Additionally, males may forage alone,

whereas females may forage in small groups

(Wilkinson 1992; Fleming 1982), perhaps in-

creasing the probability of capturing relatively

more females due to local concentration of fe-

males.
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AT CRANE, INDIANA

Virgil Brack, Jr.: Environmental Solutions & Innovations, Inc., 781 Neeb Road,

Cincinnati, Ohio 45233 USA
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ABSTRACT. Eight of 12 species of bats naturally occurring in Indiana were caught on Crane Division,

Naval Surface Warfare Center: 161 northern myotis (Myotis septentirionalis), 147 red bats (Lasiurus

borealis), 123 eastern pipistrelles (Pipistrellus subflavus), 78 big brown bats (Eptesicus fuscus), 22 little

brown myotis {Myotis lucifugus), 14 hoary bats (Lasiurus cinereus), 8 Indiana myotis (Myotis sodalis),

and 3 silver-haired bats (Lasionycteris noctivagans). Evidence of reproduction was obtained for all but

the silver-haired bat. Rates of capture were more similar to those in the Hoosier National Forest, also in

southern Indiana, than to northern Indiana. A juvenile Indiana myotis was the first record of the species

from Martin County. No winter hibernacula or summer maternity colonies of the Indiana myotis were

found. The northern myotis was not found in caves but was the most frequently caught species in summer
1998. Two maternity colonies of little brown myotis and a colony of big brown bats were found. The
eastern pipistrelle was the most common species in caves and the second most commonly captured species

in summer. The red bat was the most frequently caught species in the summers of 1987 and 1996. All

species but the big brown bat, a beetle specialist, fed heavily on moths. Several species ate Asiatic oak

weevils (Cyrtepistomus castaneus), a forest pest.

Keywords: Bats, food habits, habitat, Indiana myotis, Myotis sodalis, NSWC Crane, radiotelemetry

To comply with requirements of the Endan-

gered Species Act, studies are conducted on

many public properties to determine whether

the federally-protected Indiana myotis, Myotis

sodalis, is present and to learn about its eco-

logical requirements. In 1987, 1996, and 1998

studies were conducted at the Crane Division,

Naval Surface Warfare Center (NSWC), a

25,400 ha tract in the Crawford Upland of

southwestern Indiana, in portions of Martin,

Greene, Daviess, and Lawrence counties, In-

diana. This paper presents information from

those studies for all species of bats.

In winter, the Indiana myotis hibernates in

caves and sometimes mines; but in summer, it

forms maternity colonies under the exfoliating

bark of dead and dying trees. Therefore, stud-

ies of this species entail winter cave searches

and summer netting in wooded habitats. Win-

ter use of Indiana's caves was known long be-

fore discovery of the first nursery colony

(Cope et al. 1974), where Humphrey et al.

(1977), reported that females and young used

riparian habitat to the exclusion of other hab-

itats. Aquatic-based prey was a large part of

the diet (Belwood 1979). In contrast, males in

Missouri foraged predominantly in upland

woods (LaVal et al. 1977) and ate terrestrial-

based prey (Brack & LaVal 1985). In northern

Indiana, female Indiana myotis were caught in

both upland and riparian habitats (Brack

1983). The Indiana myotis has since been

found in a variety of woodland settings across

a wide geographic area. Maternity colonies of-

ten use several roosts in the same area (Kurta

et al. 1993).

At least seven other species of bats are

found in southwestern Indiana in habitats they

may share with the Indiana myotis. The north-

ern myotis (Myotis septentirionalis), little

brown myotis (Myotis lucifugus), eastern pip-

istrelle, (Pipistrellus subflavus), and big

brown bat (Eptesicus fuscus) are year-round

residents in Indiana. Under natural conditions,

they roost in woodlands in summer and hi-

bernate in caves in winter. The little brown

myotis and big brown bat frequently roost in

buildings in summer, while the northern my-

otis and eastern pipistrelle occasionally roost

in buildings. The big brown bat often hiber-

66
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Figure 1.—Location of Crane Division, Naval

Surface Warfare Center, a 25,400 ha tract in por-

tions of Martin, Greene, Daviess, and Lawrence

counties in Indiana.

nates in buildings (Whitaker & Gummer 1992,

2000), and all sometimes hibernate in mines.

The red bat, Lasiurus borealis, is the sec-

ond most abundant bat in Indiana during sum-

mer, while the hoary bat, Lasiurus cinereus,

is uncommon. Both species roost in the fo-

liage of trees and migrate south for winter,

although the red bat apparently hibernates in

northern portions of the wintering range (as

far north as central Indiana), but not in caves

or mines. The silver-haired bat (Lasionycteris

noctivagans) migrates through Indiana in

spring and autumn but is absent in summer.

An occasional individual hibernates in caves

in the state (Brack et al. 2003).

METHODS
Study area.—NSWC is in southwestern In-

diana and includes portions of Martin, Greene,

Daviess, and Lawrence counties (Fig. 1). It

covers approximately 25,400 ha and lies

largely within the Crawford Upland, a part of

the Shawnee Hills physiographic region. The

Crawford Upland is characterized by gener-

ally flat-topped but narrow drainage divides

and steep valleys that generally have moder-

ately wide floodplains. NSWC is south of the

Wisconsinan glacial limit, and although not

covered by the preceding Illinoian glacier, the

area to the west was covered by this earlier

glacier. The area is 82% wooded. 15% fields,

and 3% bottomlands and stream valleys. The

area's original vegetation was predominantly

upland oak forests in the west, and mixed me-

sophytic forests in the east. Present-day veg-

etation is second growth forest and fields of

various successional stages. Upland woods
vary in species composition depending upon

exposure, soil type and moisture, and other

edaphic conditions. Bottomland forests gen-

erally contain a characteristic complement of

riparian species. In all areas, length of time

since last disturbance and degree of distur-

bance contribute significantly to the existing

species complement, community character,

and woodland structure.

Bat capture.—In 1987, 3 July-1 August.

30 sites were netted. Mist nets were placed

over streams and rivers (5.5-18 m long) and

stacked above one another (6-13 m) to sample

bats from tree crown to stream surface. Most

sites were netted for two nights, dusk to dawn,

resulting in 59 net nights of effort. In 1996.

10 sites were surveyed one night each with a

single net, typically two tiers high (5 m). for

4-5 h, beginning at dusk.

Netting was also conducted in 1998 (BHE
1999), when 59 sites were netted, and those

data were re-analyzed and included here. Each

site typically consisted of four net nights, or

two nets each run for two nights for 5 h from

dusk to about 0200 h. One upland site w as

run for four nights, resulting in a total effort

of 240 net nights. In addition. 48 partial net-

nights of effort were completed when surveys

were terminated before 0200 h because of ad-

verse weather. Two nets at a site were gener-

ally > 30 m apart. 6—9 m high, and 5.5- IS m
long. Net sites were in four types of habitats:

bottomland hardwoods {n — 144 net nights).

mixed hardwoods (n = 60 net nights), oak-

hickory woods {n = 28 net nights), and mixed

evergreen-hardwoods (/; = 8 net nights). Six

sites were non-riparian and 53 sites were

alone stream corridors.
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Weight, sex, age, and reproductive condi-

tion of bats, and capture time were recorded.

Reproductive females (pregnant, lactating, or

post-lactating) or juveniles provided evidence

of reproduction. Capture was examined by

rate of catch per site, rate of catch per net

night, habitat of capture (riparian versus non-

riparian and four habitat types), and by spe-

cies diversity. MacArthur*s (1972) diversity in-

dex was used: Species Diversity Index =

1/1P, :
, where P, is the proportion of bats in

species "i." In 1987, activity during four pe-

riods of the night (dusk-2200 h, 2200-2400

h, 2400-0200 h, and 0200 h-dawn) was an-

alyzed with chi-square tests. Chi-square anal-

ysis was also used to compare capture be-

tween riparian and non-riparian sites

(weighted by number of net nights), and be-

tween adult males and reproductive females.

In summer 1987, some bridges and build-

ings were searched for bats, and a bat trap was

used to catch bats exiting a building used as

a roost. In August 2003, bridges and other

structures were searched for bats.

Radiotelemetry.—In 1998, a radiotrans-

mitter (Wildlife materials Model SOPB-201)
was attached to a pregnant female Indiana my-
otis that was followed to a day roost using

Wildlife Materials, Inc. receivers (TRX 2000)

and 3-element, hand-held Yagi antenna. Four

nights of activity were also recorded. The
roost tree and nearby habitat were character-

ized, and six dusk emergence counts were

made between 3 June and 2 July 1998. To

determine an activity area, triangulation (co-

ordinated with two-way radios) was complet-

ed at 5 min intervals. TelemPC (January 1989

version; Method O) was used to determine the

activity area based on a 95% minimum con-

vex polygon.

Food habits.—During 1987, feces from 97

bats of 7 species were collected by placing

bats removed from mist nets into cloth bags.

Guano from each bat was treated as a single

sample to avoid bias based on numbers of pel-

lets, because fecal pellets from one bat are of-

ten more similar to each other than to pellets

from other bats. Foods were identified and

percent volume estimated visually for each

sample. Data were summarized by percent

volume (volume for each food/total volume X
100; Whitaker 1988). One-way ANOVAs
with Student-Newman-Keuls multiple range

tests using arcsine transformed data were used

to test for significant differences between

foods eaten.

Hibernacula.—The suitability of known
caves on NSWC as hibernacula for the Indi-

ana myotis was determined from a summer
1987 visit to assess geomorphic characteristics

that contribute to an influx of cold winter air,

and a visit on 28 January 1989 to Aunt Liz

and Granny's caves to look for hibernating

bats.

RESULTS AND DISCUSSION

Bat capture.—During three summers of

netting (1987, 1996, and 1998), 556 bats of 8

species were caught in mist nets: 161 northern

myotis, 147 red bats, 123 eastern pipistrelles,

78 big brown bats, 22 little brown myotis, 14

hoary bats, 8 Indiana myotis, and 3 silver-

haired bats. Thus, 8 of 12 species of bats nat-

urally occurring in Indiana were caught on

NSWC. The red bat was most frequently

caught in 1987 (Table 1) and 1996, while the

northern myotis was most frequently caught

in 1998 (Table 2). Silver-haired bats were

caught only in 1998, and hoary bats only in

1987 and 1998. Evidence of reproduction was
obtained for all species except the silver-

haired bat. In Hoosier National Forest (HNF),

also in southern Indiana, the relative abun-

dance of species was similar (Brack et al.

2004), although two additional species, the

evening bat {Nyctiecius humeralis) and gray

myotis (Myotis grisescens), were also caught.

Collectively, the catch of bats in mist nets

was 1.8 bats/net night and 5.6 bats/net site. In

1 987, the rate of catch at individual net sites

was 0-13 bats (x = 4.3; SD = 2.9) and 0.0-

6.5 bats per net night (x = 2.2). In 1996, catch

per net site and per net night were 3.6 bats

(SD = 2.6). In 1998, bat catch was 0.0-5.0

bats per net night (x = 1.6; x = 1.5 exclusive

of rain nights) and 0-20 bats per net site (x

= 6.6; SD = 4.6). Six net nights (6.1%), two

in 1987 (6.7%), one in 1996 (10.0%), and

three in 1998 (5.1%), failed to catch bats. In

HNF, the rate of catch was 3.3 bats per net

night in 1990 and 1.4 bats in 1998 (Brack et

al. 2004), and in northern Indiana, Brack

(1983) caught 3.4 bats per net night (Table 3).

Collectively, the number of species caught

per site was 2.6 (SD = 1.4) and the species

diversity index was 4.4. In 1987 the mean
number of species per net site was 2.4, the

most species caught at any site was eight, and
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Table 1.—Numbers of bats caught, catch per net night, and chi-square analysis of catch by time during

four periods dusk to dawn during 59 net nights at 30 riparian net sites on the Naval Surface Warfare

Center at Crane, Indiana, in 1987.

Time period s

Catch/ Dusk- 2200- 2400- 0200 h-

Bat species Total net night 2200 h 2400 h 0200 h dawn X
2 P

M. socialis 1 0.02 1 (J

M. septentrionalis 10 0.17 5 1 2 2

M. lucifugus 1 1 0.19 1 5 2 3

P. subflavus 28 0.47 5 6 4 13 7.1429 0.0675

E. fuscus 19 0.32 9 2 6

L. borealis 53 0.90 12 16 10 15 1.7170 0.6332

L. cinereus 8 0.14 2 1 2 3

Total 130 2.20 35 31 26 38 2.4923 0.4767

the species diversity index was 4.0. In 1996,

the mean number of species per net site was

1.9, the most species caught at any site was

four, and the species diversity index was 3.0.

In 1998, six species were caught at two sites

(x = 2.8 species), and the species diversity

index was 3.9. Species diversities were similar

to those in HNF: 3.4 in 1990 and 3.5 in 1998,

and 4.6 collectively (Brack et al. 2004).

Red bats were caught at the most net sites

(68.7%), including 21 sites in 1987, 7 sites in

1996, and 40 sites in 1998. However, in 1998,

northern myotis were caught at more sites (n

= 44). Eastern pipistrelles were caught at 58

sites (58.6%), northern myotis at 53 sites

(53.5%), big brown bats at 42 sites (42.4%),

little brown myotis at 15 sites (15.2%), hoary

bats at 10 sites (10.1%), Indiana myotis at 7

sites (7.1%), and silver-haired bats at 3 sites

(3.0%).

The combined capture of all species on

NSWC was spread across the night during

four periods dusk to dawn (x
2 = 2.4923. P >

0.4767; Table 1). Capture was significantly

greater in riparian than upland habitats (x
: =

9.9712, P = 0.0016; Table 2) and was con-

centrated in the subcanopy foliage layer (x
: =

106.0930, P < 0.0000). Bats were caught at

a rate of 1.8 bats per net night in bottomland

hardwoods, 1.7 in mixed hardwoods. 1.3 in

oak-hickory woods, and 0.6 in mixed ever-

green-hardwoods. The catch was greater than

expected in bottomland hardwoods, and less

than expected in oak-hickory and mixed ev-

ergreen-hardwoods (x
: = 1.3129. P =

0.0366).

Food habits.—Food habits were docu-

mented for most species captured (Table 4).

Although samples were small, significant dif-

ferences among species were found. All spe-

Table 2.—Numbers and percent of bats caught and chi-square analysis of catch (weighted b\ numbers

of net nights; 216 riparian and 24 non riparian) at 53 riparian and 6 non-riparian net sites on the Naval

Surface Warfare Center at Crane, Indiana, in 1998.

R parian Non riparian

VSpecies Number % Number % P

M. sodali

s

6 1.6 0.0

M. septentrionalis 139 37.4 11 57.9 1.0062 0.3 15S

M. lucifugus 8 2.2 0.0

P. subflavus 80 21.5 2 10.5 4.6286 0.0314

E. fuscus 54 14.5 3 15.8 1.2296 0.26~5

L. borealis 76 20.4 3 15.8 2.9023 O.OS52

L. cinereus 6 1.6 0.0

L. noctivagans 3 0.8 0.0

Total 372 100.0 19 100.0 9.9712 O.OOli^
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Table 3.—Catch per net night at 53 riparian (Rip), 6 non-riparian (Non-rip), and all net sites (Total) on

the Naval Surface Warfare Center at Crane, Indiana, in 1998, and for comparison, rates of catch in the

Hoosier National Forest (HNF) in 1990 (26 riparian and 24 upland sites) and 1998 (22 riparian and 12

upland sites; Brack et al. 2004), and at 61 riparian and 89 non-riparian net sites predominately in northern

Indiana (Brack 1983).

Crane HNF: 1990/1998 Northern Indiana

Bat species Rip Non-rip Total Rip Non-rip Total Rip Non-rip Total

M. sodalis 0.03 0.00 0.03 0.04/0.03 0.00/0.02 0.02/0.03 0.36 0.12 0.22

M. septentrionalis 0.64 0.46 0.63 0.23/0.49 0.08/0.83 0.16/0.60 0.03 0.26 0.17

M. lucifugus 0.04 0.00 0.03 0.50/0.05 0.00/0.00 0.26/0.03 0.82 0.09 0.39

P. subflavus 0.37 0.08 0.34 2.54/0.38 0.04/0.04 1.34/0.26 0.18 0.0 0.07

E. fuscus 0.25 0.13 0.24 0.65/0.16 0.21/0.02 0.44/0. 1

1

1.80 1.65 1.71

L. borealis 0.35 0.13 0.33 1.81/0.43 0.25/0.24 1.06/0.37 0.92 0.40 0.61

L. cinereus 0.03 0.00 0.03 0.04/0.00 0.00/0.00 0.02/0.00 0.08 0.15 0.12

L. noctivagans 0.01 0.00 0.01 0.00/0.01 0.00/0.00 0.00/0.01 0.0 0.02 0.01

Total 1.72 0.79 1.63 5.81/1.57 0.58/1.55 3.30/1.43 4.39 2.75 3.41

cies except the big brown bat fed heavily (>

27%) on lepidopterans. The big brown bat,

considered a beetle feeder, ate significantly

more insects from the Family Carabidae than

did other species (a = 0.05). However, the red

bat ate more Asiatic oak weevils {Cyrtepis-

tomus castaneus; Family Curculionidae),

29.5% by volume, than did other species, in-

cluding the big brown bat. The weevil is a

relatively small food item (6 mm long) for the

big brown bat. Many species of bats consume
Asiatic oak weevils when they are common
(Brack 1983). The eastern pipistrelle was the

only species that ate cicadellids (Order Ho-
moptera); the northern myotis was the only

species that ate spiders.

Indiana myotis.—This federally-endan-

gered species is a summer resident of NSWC.
A juvenile female captured in 1987 was the

first record of the species from Martin County,

which was followed by capture of an adult

male in 1996. Five adult males and an adult

female were caught in 1998 in wooded ripar-

ian corridors.

During summer, adult male Indiana myotis

typically roost singly and often switch use

among a variety of roost trees (Brack et al.

2004; Gumbert 2001). Males tend to remain

geographically close to winter hibernacula

during summer (Whitaker & Brack 2002), and

hibernacula are known from Greene, Law-
rence, and Monroe counties (Brack et al.

2003). The rate of capture per net night was
less than in northern Indiana, but similar to

HNF (Table 3). All captured Indiana myotis

in HNF were adult males. These data support

the hypothesis that maternity colonies of In-

diana myotis are more common in northern

Indiana.

The Indiana myotis was not found during

winter cave surveys. This species hibernates

in cold, but not freezing, caves and mines, in

areas were the average temperature during the

coldest part of the winter is 6-8° C and rela-

tively stable (Brack et al. 2003). Caves visited

on NSWC did not provide this environment.

Feces were collected from a single juvenile

Indiana myotis, which ate insects belonging to

five orders (Table 4). The Asiatic oak weevil

was 16.5% of the diet. Brack & LaVal (1985)

called the Indiana myotis a selective oppor-

tunist that often eats similar types of prey

when readily available. Components of the

diet vary by habitat, geographic location, sea-

son, and sex or age of the bat (Kurta & Whi-
taker 1998; Brack & LaVal 1985; Brack 1983;

Belwood 1979). In Missouri, the proportion of

aquatic insects eaten (dipterans, trichopterans,

and plecopterans) was small but influenced by

the lunar cycle (Brack & LaVal 1985).

On 2 June 1998, an adult female Indiana

myotis was radio-tracked to a dead American

elm {Ulmus americana) in a bottomland hard-

wood forest inundated by 0.3-1 m of water.

The tree was 0.48 km from the capture site

and 1 .0 km from the center of the bat's active

area. The tree was 30.2 cm dbh and trees in

a 0.04 ha circle centered on the roost tree had

a dbh of 14.2 cm. The tree was smaller than

most trees (> 50.8 cm) that host a maternity
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Table 4.—Food habits, by percent volume, of seven species of bats caught on the Naval Surface Warfare

Center at Crane, Indiana.

Little Pipis- Big

Indiana Northern brown trelle brown Red Hoary

Insect group n = 1 n = 10 n = 11 n = 19 n = 18 n = 34 n = 4

Lepidoptera 29.5 60.5 37.0 27.1 1.9 50.9 30.0

Coleoptera 42.0 2.5 14.1 23.2 1.1 2.7 2.5

Curculionidae 21.5 2.5 27.7 8.4 13.9 29.5

Carabidae 1.5 1.3 31.4 1.5 22.5

Ca Iathus 3.0

Scarabaeidae 5.5 20.6 1 1.2

Chrysomelidae

Diabrotica 5.3 8.3 0.1

Diptera 4.0 0.0 1.4 20.0 0.6

Tipulidae 0.1

Chironomidae 5.3

Trichoptera 1.0 10.5 1.4

Hymenoptera 2.0

Ichneumonidae 1.0

Formicidae 0.3

Cynipoidea 0.5

Neuroptera

Hemerobiidae 0.1

Hemiptera 0.5 1.4

Pentatomidae (green) 18.3 2.1 43.8

Pentatomidae (brown) 1.0 2.5

Lygaeidae 0.0 0.7

Cydnidae 1.0 0.0

Homoptera

Cicadellidae 14.5

Cercopidae 1.3

Orthoptera

Gryllidae 0.6 0.3

Araneae 21.0

unidentified insect 2.3

grass seed 0.3

Total 100.0 100 100.2 100.1 100.0 100.1 100.1

colony (Callahan et al. 1997; Kurta et al.

1993). Dominant species in the stand included

red maple (Acer rubrum), river birch (Betula

nigra), green ash (Fraxinus pennsylvanica),

sweetgum (Liquidambar styraciflua), and oak
(Quercus) species. Canopy closure was about

45%. Many trees in the stand were dead or

dying. The roost tree had 98% of it bark, but

50% was exfoliating. The roost tree was 133

m from a two-lane paved road. On 8 and 10

June, only the bat with a transmitter exited the

roost. On 3 June, this bat and a second bat

exited the roost. No bats left the roosts on 4

June, 17 June, and 2 July.

The 95% minimum convex polygon (MCP)
for this Indiana myotis was 194 ha. Habitat in

the 95% MCP included bottomland hard-

woods (50.8 ha), mixed hardwoods (57.5 ha).

oak-hickory woods (51.2 ha), and water (44.0

ha; a reservoir). Timber stands were primarih

pole (10.2-37.8 cm) and saw (> 37. S em) tim-

ber. Of the 149 points generated with telem-

etry, 30.8% were in bottomland hardwoods.

41.6% were in mixed hardwoods. 17.5% were

in oak-hickory woods, and 10.1% were over

water.

In HNF (Brack et al. 2004). also in southern

Indiana, five male Indiana myotis were

tracked to 14 day-roosts in live species of

trees: American elm. shagbark hickory [Carya

ovatd), pine (Pinus sp.), northern red oak {Q.

rubra), and white oak {O. alba). Those roost
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trees were 20.3-71.9 cm dbh, retained about

75% of their bark, were in locations with a

mean canopy closure of about 50%, and were

located in both riparian and upland habitats.

In HNF, four male Indiana myotis had 95%
MCP active areas of 33.3-226.1 ha that in-

cluded wooded and open lands in riparian and

upland areas. In that study, one bat's active

area included a gravel road, another bat a two-

lane state highway, and a third bat's active

area included a state highway and a divided,

four-lane interstate highway; a roost tree was

adjacent to the cleared right-of-way of the in-

terstate.

Northern myotis.—The northern myotis

was not found hibernating on NSWC, but it

was common in summer. In winter, this bat is

infrequently found (Brack et al. 2003), appar-

ently because it often hibernates individually

in small cracks and crevices in warmer por-

tions of caves (Whitaker & Rissler 1992).

Summer maternity colonies are usually under

sloughing bark or in cracks of trees.

During summer netting, this species was ac-

tive throughout the night, as in northern In-

diana (Brack & Whitaker 2001). LaVal et al.

(1977) and Brack (1983) reported this species

forages in the subcanopy foliage layer, and al-

though our catch was greatest in the subcan-

opy layer, it was too small to test. In contrast

to northern Indiana (Brack 1983), but similar

to HNF, capture of this bat was not statistically

more frequent in upland habitats (Table 2).

The rate of capture per net night was greater

than in northern Indiana, but similar to that in

HNF (Table 3). Although Whitaker et al.

(2002) thought abundance of this species was
stable over time, the rate of catch increased

from 1990 to 1998 in this study and from

1987 to 1998 in HNF. In NSWC, numbers of

adult males captured during summer netting

were significantly greater than numbers of re-

productive females (x
2 = 4.2517; P =

0.0392), although there was no difference be-

tween sexes in HNF (Brack et al. 2004). A
male adult northern myotis was found day-

roosting under a bridge, out of the sun but in

full daylight.

The diet of the northern myotis is indicative

of a gleaner (Brack & Whitaker 2001). Spi-

ders, the second most important food in the

diet of 10 individuals from NSWC (Table 4),

were likely consumed while gleaning. We sus-

pect some or many moths eaten were also

gleaned. In Missouri and Indiana, lepidopter-

ans were most important in the diet, followed

by coleopterans, trichopterans, and dipterans

(Brack & Whitaker 2001).

Little brown myotis.—The little brown
myotis has a large distribution, and in the east-

ern part of its range it often roosts in build-

ings, as it did on NSWC. A maternity colony

of little brown myotis inhabited a building

sampled on 31 July 1987 when 563 individ-

uals, predominately adult females and juve-

niles, were caught. In August 2003, a bath-

house on Lake Greenwood contained 100-

200 bats of the genus Myotis, probably little

brown myotis.

In some parts of the range, such as the

northeastern United States, little brown myotis

are very common. However, in natural habi-

tats of much of the rest of its range, it is often

less common. It is sometime considered to be

more common along streams and near bodies

of water. This was true in southern Indiana in

HNF (Brack et al. 2004), and although the

catch on NSWC was greatest in riparian hab-

itat, it was too small to test for statistical sig-

nificance (Table 2). Similarly, catch was great-

est in the subcanopy foliage layer, as it was in

northern Indiana (Brack 1985), but was too

small to test. The rate of capture was much
less than in northern Indiana, while the rate in

HNF was more variable (Table 3). Catch of

adult males during summer netting was sig-

nificantly greater than catch of reproductive

females (x
2 = 9.9412; P = 0.0016), although

no such disparity was apparent in HNF (Brack

et al. 2004).

One little brown myotis was found in each

of the two caves visited during winter. These

caves were warmer than typical hibernacula of

the species; in Aunt Liz Cave a little brown
myotis was hibernating at 12.4° C and the in-

dividual in Granny's Cave was in the twilight

area below the entrance pit at a temperature

of 10.8° C, although this area is probably sub-

ject to large temperature fluctuations. Large

concentrations of little brown myotis are typ-

ically found in cold, anterior portions of

caves. However, individuals and small clusters

often use warmer areas (Brack et al. 2003).

The little brown myotis exhibits a great deal

of variation in its diet, but is loosely described

as a dipteran-lepidopteran-coleopteran feeder

(Belwood & Fenton 1976; Buchler 1976; An-

thony & Kunz 1977). Diets of 1 1 individuals
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were dominated by insects from three orders

(Lepidoptera, Coleoptera, and Trichoptera; Ta-

ble 4). The spotted cucumber beetle (Diabro-

tica undecimpunctata; Order Coleoptera,

Family Chrysomelidae) was 5.3% of the diet.

Few dipterans, which are often common near

water resources, were eaten.

Eastern pipistrelle.—In NSWC, this bat

was the second most commonly captured spe-

cies during summer, and it was the most com-

monly found species in caves visited. This

species sometimes forms small maternity col-

onies in buildings, but most colonies are lo-

cated in clusters of dead or living leaves (Veil-

leux et al. 2003). Proximity of summer and

winter habitat is apparently necessary. In In-

diana, the species is uncommon north of the

Wisconsin glacial limit (Brack & Mumford
1984), where caves and other hibernacula are

uncommon.
As in northern Indiana (Brack 1983), the

species was caught most frequently in the sub-

canopy foliage layer (x
2 = 26.0000, P <

0.0000), and like northern Indiana and HNF,
in riparian habitat (Table 2). In Missouri, the

species foraged over or near streams (LaVal

et al. 1877). Adult males were captured during

summer netting significantly more often than

reproductive females (x
2 = 43.8348; P <

0.0000), similar to HNF (Brack et al. 2004).

The catch of eastern pipistrelles was similar

throughout the night (Table 1). The rate of

capture was much greater than in northern In-

diana, but within the range noted in HNF (Ta-

ble 3).

The eastern pipistrelle was found in both

caves visited. This species hibernates at a wid-

er range of temperatures than many species,

and more frequently at warmer temperatures

(Brack & Twente 1985). It is often the only

species that hibernates in small caves, and

therefore is found in more caves than any oth-

er species in Indiana (Brack et al. 2003). Aunt
Liz Cave contained 41 eastern pipistrelles.

Cave temperatures were 9.4-12.4° C; eastern

pipistrelles hibernated in areas that were 10.4-

12.4° C. In Granny's Cave, 14 eastern pipis-

trelles were found in the twilight area below
the entrance pit with a temperature of 10.8°

C. It is likely the temperature in this area

varies greatly over time.

The diets of 19 eastern pipistrelles from
NSWC were comprised of insects from four

orders (Lepidoptera, Coleoptera. Diptera, and

Homoptera; Table 3). Asiatic oak weevils

were 8.4% of the volume. Also in Indiana.

Brack (1985) found dipterans. trichopterans,

coleopterans (including the Asiatic oak wee-

vil), lepidopterans, homopterans. hymenopter-

ans, neuropterans, and plecopterans represent-

ed, in decreasing order of importance, in the

diet of this species. In Missouri, trichopterans

dominated the diet (LaVal & LaVal 1980).

Big brown bat.—Like the little brown my-

otis, this species has a wide distribution and

is locally abundant. It is the most common bat

in Indiana. It usually roosts in buildings. In

August 2003, about 40 big brown bats were

found roosting under a bridge; 20 individuals

were captured and most were reproductive fe-

males and juveniles, typical of a maternity

colony. As in northern Indiana (Brack 1985).

the big brown bat frequented both riparian and

upland habitats (Table 2), and catch was con-

centrated in the subcanopy foliage layer (x
2 =

18.1053, P = 0.0001). Although catch of adult

males and reproductive females was similar

(X
2 = 1.6667; P = 0.1967), males were more

common in HNF (Brack et al. 2004). The rate

of capture was much less than in northern In-

diana, but was within the range in HNF (Table

3).

Although the big brown bat is found in

caves and mines in autumn, winter, and

spring, it was not found in caves on NSWC.
Numbers of individuals in caves typically are

small because many individuals hibernate in

buildings (Whitaker & Gummer 1992. 2000).

Individual bats typically use different build-

ings in summer and winter.

The big brown bat is a beetle feeder, and

75.3% of the diet of 18 individuals from

NSWC was beetles (Table 4). including Asi-

atic oak weevils (13.9%), and spotted cucum-

ber beetles (8.3%). A green Pentatomidae (Or-

der Hemipterans) was 18.3 rr of the diet. The

big brown bat feeds heavily on agricultural

pest insects (Whitaker 1995). Foods of the big

brown bat from the wooded interior ot~ NSWC
were similar to foods in agricultural areas in

other parts of Indiana (Whitaker c<: Weeks

2001). In that study, important foods included

beetles (Scarabaeidae, Chrysomelidae - spot-

ted cucumber beetle. Carabidae. and uniden-

tified Coleoptera). hemipterans (a green Pen-

tatomidae - stinkbug. Acrosternon hiUirc).

hymenopterans (Formicidae and [chneumoni-
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dae), homopterans (Cicadellidae), and lepi-

dopterans.

Red bat.—The red bat is an abundant sum-

mer resident of Indiana, common in a variety

of woodland habitats. It is a seasonal migrant;

but some individuals apparently remain in the

state during winter, although individuals may
not be year-round residents. Catch of adult

males was similar to catch of reproductive fe-

males (x
2 = 1.41 18; P = 0.0956), unlike HNF,

where reproductive females were more com-
mon (Brack et al. 2004). Unlike HNF, the

catch of red bats on NSWC was not concen-

trated in riparian habitat (Table 2). The rate of

capture was less than in northern Indiana, and

similar to, but less than in HNF (Table 3). On
NSWC Crane, as in northern Indiana (Brack

1985), catch was concentrated in the subcan-

opy foliage layer (X
2 = 37.4231, P < 0.0000).

Red bats feed on a variety of insects (Brack

1985; Whitaker 1972), but moths often form

much of the diet (Whitaker et al. 1997). On
NSWC, moths were 50.9% of foods eaten by

34 red bats, followed by Asiatic oak weevils

(29.5%) and scarab beetles (1 1.2%; Table 4).

Hoary bat.—This summer resident is not

common anywhere in Indiana. Neither in this

study, nor HNF (Brack et al. 2004), nor in

northern Indiana (Brack 1985) was the catch

demonstrably higher in either riparian or non-

riparian habitats. The rate of capture was more
similar to HNF than to northern Indiana (Ta-

ble 3).

Fecal pellets from four hoary bats contained

both hard-bodied (hemipterans and coleopter-

ans) and soft-bodied (lepidopterans) insects

(Table 4). Early studies considered the hoary

bat a moth specialist (Black 1972), although

moths were not the most common food in In-

diana, where one adult female ate only hy-

menopterans, six juveniles each ate > 90%
coleopterans, and two juveniles consumed

predominately moths (Brack 1985).

Silver-haired bat.—This was the least fre-

quently caught bat during this study, similar

to studies in HNF and northern Indiana. The

highest rate of catch in any of these studies

was 0.02 bats per net night (Table 3). This is

because the species is a seasonal migrant

through the area and is absent during summer.

All three silver-haired bats were caught in ri-

parian habitat.
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BATS OF HOOSIER NATIONAL FOREST
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ABSTRACT. We summarize results of bat surveys in Hoosier National Forest 1981-2003. Mist net

captures included the northern myotis, Myotis septentrionalis (137); red bat, Lasiurus borealis (132);

eastern pipistrelle, Pipistrellus subflavus (131); big brown bat, Eptesicus fuscus (43); little brown myotis,

Myotis lucifugus (40), Indiana myotis, Myotis sodalis (6); hoary bat, Lasiurus cinereus (4); silver-haired

bat, Lasionycteris noctivagans (1); evening bat, Nycticeius humeralis (1); and gray myotis, Myotis grises-

cens (1). Evidence of reproduction was found for northern and little brown myotis, big brown, red, and

hoary bats, and the eastern pipistrelle, but not for Indiana myotis, despite an abundance of wooded habitats.

Radio-transmitters were placed on five male Indiana myotis, and 14 roost trees of five species were found

in riparian and upland habitats; six trees were < 30.5 cm (12 inches) and six were > 38.1 cm (15 inches)

dbh (43% each). Some species of trees are more likely to provide roosts when live (in this study, shagbark

hickory, Carya ovata, and white oak, Quercus alba), while others are more likely to provide roosts when
dead (pine, Pinus sp., American elm, Ulmus americana, and northern red oak, Q. rubra). Activity areas

(x = 95.1 ha minimum convex polygon) included wooded and open habitats, and roads ranging in size

from forest trails to a divided four-lane interstate highway. Twenty-one visits to 18 caves produced eastern

pipistrelles (15 caves, n = 449), little brown myotis (9 caves, n = 205), Indiana myotis (2 caves, n =

134-250), big brown bats (8 caves, n = 40), and northern myotis (3 caves, n = 4). Spring and autumn
trapping at a kaolinite mine yielded 38 northern myotis, 10 eastern pipistrelles, and 4 little brown myotis.

Keywords: Bats, Hoosier National Forest, Indiana, Indiana myotis, radio-telemetry

Thirteen species of bats are known from In- hibernate in caves, including caves in southern

diana, although the southeastern myotis (My- portions of Indiana, and occasionally in

otis austroriparius) is apparently extirpated mines, (Mumford & Whitaker 1982; Brack et

from the state, Rafinesque's big-eared bat al. 2003). During summer they form maternity

(Corynorhinus rafinesquii) is an extremely colonies in woodlands throughout much of the

rare visitor, and the Seminole bat {Lasiurus state (Brack 1983; Whitaker & Brack 2002).

seminolus) was found only when accidentally Gray myotis typically roost in caves during

transported into the state in bundles of Span- both summer and winter, and often forage

ish moss (Mumford & Whitaker 1982; Whi- along wooded streams (LaVal & LaVal 1980).

taker & Hamilton 1998). The remaining 10 Only one maternity colony is known from In-

species all use wooded lands in some capacity. diana (Brack et al. 1984), although individuals

Hoosier National Forest (HNF) has about from this colony roost at two sites 8 km apart

77,700 ha in public ownership, and much of (Whitaker et al. 2001). Males have been

this land is wooded. It is an important re- caught in summer along the Ohio River, and

source for the bat fauna of south-central In- occasionally individuals are found during win-

diana. HNF also has an abundant cave re- ter hibernation (Brack et al. 2003).

source; 7 of the 10 species of bats use caves The evening bat {Nycticeius humeralis) is

in some capacity, often for hibernation. listed as endangered by the State of Indiana.

Two species, the Indiana myotis {M. social- Initially, maternity colonies were known only

is) and gray myotis (M grisescens), are fed- from buildings (Whitaker & Gummer 1993),

erally-endangered. In winter, Indiana myotis but now are known from more natural wooded

76
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settings (Whitaker & Gummer 2001). It is not

known where the species hibernates.

The little brown myotis (M. lucifugus),

northern myotis (M. septentrionalis), big

brown bat (Eptesicus fuscus), and eastern pip-

istrelle {Pipistrellus subflavus) all use wooded
lands during summer and caves for hiberna-

tion. The red bat (Lasiurus borealis) and

hoary bat (L. cinereus), are summer residents,

roosting in wooded areas. Most red bats, and

apparently all hoary bats, migrate south for

winter. The silver-haired bat (Lasionycteris

noctivagans) is a woodland species that is mi-

gratory through the state in spring (April-ear-

ly June) and autumn (September-October), al-

though a few individuals hibernate in Indiana

(Brack et al. 2003).

Studies completed over a 23-year period

were used to evaluate the seasonal distribution

of bats in the Hoosier National Forest, to ex-

amine differences in the way species use the

habitat, and to provide information about fed-

erally- and state-listed species on the forest.

METHODS
Studies were completed in the Hoosier Na-

tional Forest in south-central Indiana (Fig. 1).

About 260,700 ha lie within the forest bound-

ary, and of this, about 77,700 ha are public

lands. The northern portion of HNF is within

the Brown County Hills section of the High-

land Rim Natural Region. The central and

southern part of the Forest is within the Craw-
ford Upland, Mitchell Karst Plain, and Es-

carpment sections of the Shawnee Hills Nat-

ural Region.

Summer maternity studies.—Bats were

captured with mist nets, primarily 15 May- 15

August, during several years. Netting studies

were completed in 1981 in Jackson County,

in 1990 in Lawrence, Martin, Orange, Craw-
ford, and Perry counties, in 1998 in Crawford
and Perry counties, and in 1996 and 1999 in

Jackson and Lawrence counties. Nets were
stacked 6-9 m high across flight corridors.

Sites were typically netted dusk to dawn in

1990, dusk to 0200 h in 1998, and dusk to

midnight in 1996 and 1999. In 1981, six net-

nights of effort were completed at three ripar-

ian net sites. In 1990, 14 paired upland and

riparian sites were netted. Two net-nights of

effort, over two nights, were completed at

most sites, for 26 net-nights in riparian and 24
net-nights in upland habitats. In 1998, 22 sites

, 10 mi. ,

Figure 1
.—Map of the Hoosier National Forest

showing locations of sites netted during summer
(maternity season) surveys (•). a kaolinite nunc

where trapping was done in spring and autumn
I >,

and caves entered during winter (hibernacula) sur-

veys ().

were netted in riparian and 12 in upland hab-

itat, with each site typically consisting of two

nets > 30 m apart for two nights (four net-

nights per site). One riparian site was netted

only one night, resulting in a total effort of

134 net-nights. Net sites in Wo and 1999

included live wooded riparian sites and two

upland pond sites: 19 net-nights of effort were

completed in 1996 and 20 net-nights m 1999.

From 1992-1999. Whitaker & Gummer
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(2001) netted bats in bottomlands of south-

western Indiana, including eight net-nights in

HNF near the Ohio River in Crawford County

(4 sites) and Perry County (3 sites). Nets were

stacked 6 m high across flight corridors and

were run dusk-0200 h.

Point-quarter studies were used in 1990 to

collect data on five habitat variables: percent

canopy closure, number of tree species, num-
ber of snags, diameter at breast height (dbh)

of trees > 12 cm, and distance between trees

> 12 cm dbh. Transects of 100 m were fol-

lowed in the four cardinal compass directions

from the mist net, and samples were taken at

20 m intervals. Microstat version 4.1 (Ecosoft,

Inc.) was used for single-factor linear regres-

sion analysis between each of the five habitat

variables and numbers of bats (by species)

caught per site in riparian, upland, and com-
bined riparian and upland sites.

Weight, sex, age, and reproductive condi-

tion were recorded. Reproductive females

(pregnant, lactating, or post-lactating) or ju-

veniles (determined by degree of ephiphyseal-

diaphyseal calcification of wing phalanges)

were considered evidence of reproduction.

Capture data were examined by rate of catch

per site, rate of catch per net-night, and habitat

of capture (riparian versus upland). Chi-

square analysis was used to compare capture

between riparian and upland sites (weighted

by level of effort) and sex of adult bats. Mac-
Arthur's (1972) Species Diversity Index

(1/2 P,
2

, where P, is the proportion of bats be-

longing to species "i") was used to compare
samples.

In 1996, a single male Indiana myotis from

the Brownstown Ranger District, Jackson

County was equipped with a radio-transmitter.

In 1998, four male Indiana myotis from the

Tell City Ranger District, Perry and Crawford

counties, were equipped with radio-transmit-

ters (Wildlife Materials Model SOPB-201)
and followed using receivers (TRX 2000) and

3-element Yagi hand-held antennas. In 1996

and 1998, bats were followed to day roosts

for at least three days after transmitters were

attached. Data collected on each roost tree in-

cluded: species, dbh, live or dead, percent ex-

foliating bark, and percent canopy closure.

In 1998, for 3-6 nights (dusk-0100 h) fol-

lowing transmitter attachment, activity areas

of each bat, including foraging, were estab-

lished using triangulation, coordinated with

two-way radios at 5 minute intervals. The
computer program TelemPC (January 1989

version; Method O) was used for these anal-

yses. To minimize the error polygon at each

telemetry location, paired bearings with an an-

gular difference < 10° were excluded. Activ-

ity areas were estimated using three methods:

95% minimum convex polygon, capture ra-

dius, and non-circular.

Spring staging and autumn swarming
studies.—Trapping was done at Dillon Cave,

Valeene Quadrangle, Orange County on 20

August 1981. Traps were set at the entrance

to a kaolinite mine on Gardener Ridge, Wil-

liams Quadrangle, Lawrence County four

times in spring (8 April 1998, 6 May 1999,

26 April 2001, and 3 April 2003) and four

times in autumn (15 October 1998, 22 Sep-

tember 1999, 24 September 2002, and 22 Oc-

tober 2002).

Winter hibernation studies.—Twenty-one

visits were made to 18 caves to look for hi-

bernating bats. Two caves were entered in

winter 2001, 17 caves were entered in winter

2002, including one visited in 2001, and two

caves were visited in 2003, including one vis-

ited in 2001 and one visited in 2002. Caves

were in four counties: seven in Crawford, two

in Martin, one in Monroe, and eight in

Orange. Bats were tallied by species and by

location in the cave. Temperatures were taken

outside cave entrances, in the twilight area,

and near concentrations of bats. Surveys were

often terminated when the frequency of bats

encountered decreased markedly or warm am-

bient temperatures reduced the probability of

finding concentrations of bats.

RESULTS

Ten of the 12 species of bats naturally oc-

curring in Indiana were caught in HNF.
Summer netting.—Summer netting (237

net-nights) 1981-1999 resulted in capture of

496 bats of 10 species (Table 1). Collectively,

the northern myotis, red bat, and eastern pip-

istrelle accounted for about 80% of the catch.

The species diversity index was 4.3 and the

catch per net-night was 2.1 bats. Evidence of

reproduction was obtained for six species:

northern and little brown myotis, big brown,

red, and hoary bats, and eastern pipistrelle.

In 1990, bats were caught at 13 of 14 paired

riparian-upland locations; the catch per net-

night was 5.8 in riparian habitat, and 0.6 in
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Table 1.—Species of bats, numbers of net-nights, and numbers of bats captured during summer surveys

in Hoosier National Forest, 1981-1999.

1981 1990 1996 1998 1999 992-99 Total

M. sodalis

M. grisescens

M. septentrionalis

M. lucifugus

E. fuscus

L. borealis

L. cinereus

P. subflavus

L. noctivagans

N. humeralis

Total

Net-nights

13

22

53

1

67

165

50

22

4

5

14

16

62

19

4

1

81

4

15

49

35

1

1

191

134

41

20

20

1

8

2

31

8

1

137

40

43

132

4

131

1

1

496

237

upland habitat (Table 2). Only 14 bats were

caught in uplands. The greatest rate of catch

was for the eastern pipistrelle in riparian hab-

itat, at 2.5 bats per net-night (Table 2). Eastern

pipistrelles were caught at the greatest number
of locations (n = 12; 85.7%), followed by red

bats (n = 11; 78.6%), big brown bats (n = 7;

50.0%), northern myotis (n = 6; 42.9%), In-

diana myotis (n = 1; 7.1%), little brown my-

otis (n = 1; 7.1%), and hoary bats (/? = 1:

7.1%). Six species of bats were caught at one

site, and no bats were caught at one site: the

mean was 2.9 species (SD = 1.5). The species

diversity index for these 14 sites was 3.4.

Adult male big brown bats were caught

more frequently than reproductive females (\
z

= 4.7647; P = 0.0290), as were adult male

eastern pipistrelles (x
2 = 27.0000: P <

Table 2.—Numbers of bats caught, catch per net-night, and chi-square analysis of catch in riparian and

upland net sites in Hoosier National Forest. The 1990 survey included 26 riparian and 24 upland sites.

while the 1998 survey included 22 riparian and 12 upland sites.

Riparian Upland

x
2 P

Catch/net-night

Species Bats % Bats % Riparian Upland Total

1990

M. sodalis 1 0.7 0.0 0.04 00 0.02

M. septentrionalis 6 4.0 2 14.3 0.23 08 0.16

M. lucifugus 13 8.6 0.0 12.0000 0.0005 0.50 00 0.26

E. fuscus 17 11.3 5 35.7 5.6297 0.0177 0.65 21 0.44

L. borealis 47 31.1 6 42.9 28.5675 <0.0000 1.81 25 1.06

L. cinereus 1 0.7 0.0 0.04 DO 0.02

P. subflavus 66 43.7 1 74 58.0589 <0.0000 2.54 04 1.34

Total 151 14 5.81 58 3.30

1998

M. sodalis 3 2.2 1 1.9 0.03 02 0.03

M. grisescens 1 0.7 0.0 0.01 00 0.01

M. septentrionalis 43 30.9 38 73.1 5.6908 0.0171 0.40 S3 0.60

M. lucifugus 4 2.9 0.0 0.05 00 0.03

E. fuscus 14 10.1 1 1.9 5.0912 0.0240 0.16 02 0.1 1

L. borealis 38 27.3 11 21.2 3.0673 0.0799 0.43 24 0.37

P. subflavus 33 23.7 2 3.8 12.7115 0.0004 0.3S 04 0.26

L. noctivagans 1 0.7 0.0 0.01 00 0.01

N. humeralis 1 0.7 0.0 0.01 00 0.01

Total 138 53 1.5"
1

s 5 1 .43
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0.0000). The catch of little brown myotis, red

bats, and eastern pipistrelles was significantly

greater in riparian than in upland habitat; and

there was some indication this was also true

for the big brown bat (Table 2). Linear re-

gression provided no significant (a < 0.05)

single-factor correlation between five habitat

variables and numbers of bats of any species

caught per site in riparian, upland, or com-
bined riparian and upland sites.

Bats were caught at all 22 riparian net sites

and 10 of 12 upland sites in 1998; the catch

per net-night was 1 .6 in both types of habitat

(Table 2). Northern myotis were caught at the

greatest number of locations (n = 27; 79.4%),

followed by red bats (n = 22; 64.7%), eastern

pipistrelles (/? = 15; 44.1%), big brown bats

(n = 10; 29.4%), Indiana myotis (n = 4;

11.8%), little brown myotis (n = 3; 8.8%),

gray myotis (n = 1; 2.9%), silver-haired bats

(/? = 1; 2.9%), and evening bats (77 = 1;

2.9%). Five species were caught at three sites,

and no bats were caught at two sites; the mean
was 2.5 species (SD = 1.4). The species di-

versity index for these 34 sites was 3.5.

The four Indiana myotis captured were

adult males, two each in Perry and Crawford

counties. An adult male gray myotis captured

over Stinking Fork Creek, Crawford County
on 19 July 1998 was the first record of a gray

myotis from HNF An adult male evening bat

was captured over a tributary to the Little

Blue River on 5 July 1998.

In 1998, male big brown bats (/? = 10) were

caught more frequently (x
2 = 5.3333; P =

0.0209) than reproductive females (n = 2), as

were male eastern pipistrelles (x
2 = 10.1250;

P = 0.0015; male = 25 and reproductive fe-

male = 7). Reproductive female red bats (n =

18) were caught more frequently (x
2 =

4.8400; P = 0.0278) than adult males (n =

7). Reproductive female and juvenile northern

myotis, big brown bats, and red bats were
caught in both riparian and upland habitats;

reproductive female and juvenile eastern pip-

istrelles were found only in riparian habitat.

Three of four male Indiana myotis were
caught in riparian habitat. The highest rate of

capture for any species was for the northern

myotis in upland habitat and the catch of

northern myotis was greater in upland than in

riparian habitat (Table 2). The catch of eastern

pipistrelles was greater in riparian than in up-

land habitat, and there was some indication

this was also true for big brown and red bats

(Table 2).

Collectively, 103 bats of 7 species were
captured in 1996 and 1999 (Table 1); the catch

per net-night was 2.6 bats and the species di-

versity index was 4.6 (3.9 in 1996 and 3.3 in

1999). Female little brown myotis (n = 10)

were caught more frequently (x
2 = 5.3333; P

= 0.0209) than adult males (n = 2), while

adult male northern myotis (/? = 14; \
2 ~

4.2632; P = 0.0389) and red bats (71 = 9; X
2

= 6.4000; P = 0.01 14) were caught more fre-

quently than reproductive females (n = 5 and

1, respectively). Seven sites were netted

1992-1999 in HNF during studies of south-

west bottomlands of Indiana (Whitaker &
Gummer 2001 ). A total of 31 bats of four spe-

cies was caught (Table 1). The species diver-

sity index was 2.0.

Telemetry of male Indiana myotis.—Be-

tween 9-16 July 1996, one male Indiana my-
otis was tracked to two roost trees (Table 3).

Both roosts were live shagbark hickories

{Carya ovata)\ one roost was used twice.

They were about 30 m from one another and

were in an even-aged oak-hickory stand where

most trees were 20—30 cm dbh. Four male In-

diana myotis were tracked to 12 day-roosts 16

June— 14 July 1998; each used 2-5 roosts in

five species of trees (Table 3). Two roost trees

were used twice. American elm (Ulmus amer-

icana) was used most frequently as a roost,

and one of these roost trees had been girdled

by HNF. All shagbark hickory and white oak

(Quercus alba) roost trees were live; all pine

(Pinus sp.), American elm, and northern red

oak (Q. rubra) roost trees were dead. Six roost

trees (43%) were < 30.5 cm (12 inches) dbh,

and six roost trees (43%) were > 38.1 cm (15

inches) dbh. Mean solar exposure was 51%
and mean bark retention was 25% (Table 3).

Two bats roosted only in riparian habitats, and

three bats roosted only in upland habitat. One
roost tree was adjacent to the cleared right-of-

way of eastbound lanes of the Interstate 64

highway.

The four male Indiana bats caught in 1998

were tracked for 21 nights, 3-7 nights each.

The mean activity area (including foraging) of

all bats was 95.1-151.9 ha based on the meth-

od of estimation, and the mean activity areas

of individual bats were 43.1-314.2 ha across

all three methods of estimation (Table 4). Ac-

tivity areas determined with a 95% minimum
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Table 3.—Characteristics of 14 roost trees used by five adult male Indiana myotis in Hoosier National

Forest. One bat was monitored 9-16 July 1996, and four bats were monitored 16 June-14 July 1988.

% of bark % Canopy Roost

Bat No. Tree species Status dbh (cm) exfoliating closure habitat

1996

1 Carya ovata live 20.3 80 upland

Carya ovata live 28.0 80 upland

1998

1 Ulmus americana dead 33.3 40 10 riparian

Ulmus americana dead 48.5 40 00 riparian

2 Pinus sp. dead 35.1 10 50 upland

Pinus sp. dead 23.6 10 61) upland

Quercus rubra dead 71.9 25 35 upland

Carya ovata live 29.2 70 SO upland

Quercus alba live 38.1 15 so upland

3 Ulmus americana dead 26.2 20 70 riparian

Ulmus americana dead 48.5 35 50 riparian

4 Quercus alba live 41.9 10 30 upland

Quercus rubra dead 41.4 20 20 upland

Pinus sp. dead 19.8 10 40 upland

Mean 38.1 25 49

S.D. 14.1 18 23

convex polygon were consistently the small-

est, and areas determined using the capture

radius method were consistently the largest.

Based on USGS topographic maps, activity

areas included wooded riparian and upland ar-

eas and open lands. Three of four activity ar-

eas included perennial streams. One bat's ac-

tivity area included a gravel road, another a

two-lane state highway, and a third a state

highway and a divided, four-lane interstate

highway. The bat with the largest activity area

used the largest number of roosts.

Spring staging and autumn swarming.—
On 20 August 1981, seven bats of three spe-

cies were caught at the entrance to Dillon

Cave: an adult male, adult female, and a ju-

venile little brown bat; an adult male and two

juvenile northern myotis; and an adult male

eastern pipistrelle.

Spring trapping at the kaolinite mine pro-

duced 17 northern myotis, 6 eastern pipistrel-

les, and 1 little brown myotis. Autumn trap-

ping yielded 21 northern myotis. 4 eastern

pipistrelles, and 3 little brown myotis. The
mean spring capture was 6 bats and 1.75 spe-

cies; the mean autumn catch was 7 bats and

2 species. More bats (/? = 8) of more species

(n = 3) were caught in May than April (x

number of bats = 5.3; \ number of species =

1.3). More bats (x number of bats = 1 1.5) of

more species (x number of species = 3.0)

were caught in September than October i \

Table 4.—Estimates of activity areas (ha) of four male Indiana myotis in Hoosier National forest in

1998 based on three methods of calculation: 95% minimum convex polygon (MCP), non-circular, and

capture radius.

No. of Non- Capture

nights 95% MCP circular radius Mean S.D.

Bat 1 6 53.6 82.7 84.4 73.6 r.3
Bat 2 5 226.

1

317.0 399.4 314.2 86.6

Bat 3 7 67.3 68.3 73.3 69.6 ^ ->

Bat 4 3 33.3 45.5 50.5 43.1 8.9

Mean 95.1 128.4 L51.9

S.D. 88.5 126.7 165.0
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number of bats = 2.5; x number of species =

1.0).

Winter hibernation.—A total of 1083 bats

was found in 17 of 18 cave visits (94.4%)

during 20 of 21 visits (Table 5). Collectively,

five species of bats were found and 0-5 spe-

cies were found per cave visit (x = 2.1; SD
= 1.4). The species diversity was 3.0. The
most bats in any cave on any single visit was

307 (x = 51.6; SD = 88.0), in Gypsy Bill

Allen Cave.

The species found in the most caves was
the eastern pipistrelle (n = 15; 83.3%), and

despite typically low numbers per cave (0-98;

x = 21.4; SD = 32.8) was most abundant

overall {n = 449; 41.5% of the total). Three

caves (Elrod, Mesmore Springs, and Dillon)

had > 50 individuals. This species is often the

only species in small caves, and most caves

visited were small. Eastern pipistrelles were

often found over the range of temperatures

available in each cave, typically 5-12° C.

Indiana myotis were found in the fewest

caves in = 2; 11.1%). However, because of

the concentration in Gypsy Bill Allen Cave
(visited on two occasions), this species was
the second most common species found (n =

385; 35.6% of the total). On 3 February 2001,

which is slightly past the coldest time of year,

134 Indiana myotis were found in Gypsy Bill

Allen Cave at 9.0° C. During the 27 January

2003 visit, Indiana myotis were encountered

in three areas, with temperatures of 2.1° C (n

= 67), 5.0° C (n = 94), and 5.2° C (n = 89),

for a weighted average temperature of 4.3° C.

One Indiana myotis was found in Bluff House
Cave in 2002 hibernating at a temperature of

5.0° C, but none were found in 2003.

The little brown myotis was found in the

second greatest number of caves (n = 9; 50%)
and was third most abundant overall (n = 205;

18.9% of the total). Numbers of little brown
myotis varied widely among caves (0—112; x

= 9.8; SD = 25.8). This species was found

hibernating across a wide range of tempera-

tures. The largest concentration, 106 individ-

uals in Mesmore Springs Cave, hibernated in

an area that was 1 1.7° C. However, most in-

dividuals in Gypsy Bill Allen Cave, in both

2001 and 2003, were in areas < 5.2° C. The
third largest concentration of little brown my-
otis (n = 16), in Red Berry Cave, hibernated

at 4.5° C.

Relatively few big brown bats (/? = 40;

3.7% of the total) were found in 8 caves

(44.4% of caves visited), and numbers were
variable (0-15; x = 1.9; SD = 3.9). Big

brown bats were typically found singly or in

small clusters close to the entrance in areas

with colder temperatures (3.8-6.3° C). The
northern myotis was found infrequently (n =

4; 0.4% of the total). Two individuals were

found in Gypsy Bill Allen Cave, one each in

2001 and 2003, and one each in Mesmore
Springs and Treasure caves (at temperatures

of 4.9° C and 7.7° C, respectively).

DISCUSSION

Hoosier National Forest is an important re-

source for bats in southern Indiana; 10 of 12

species native to Indiana were found there,

with evidence of reproduction for six species.

Of the two species not found, one is extirpated

and one is of accidental occurrence in Indiana.

HNF provides habitat for two federally-endan-

gered and one state-endangered species. Al-

though only one silver-haired bat, one evening

bat, and one gray myotis were caught, they

added to species richness.

Northern myotis.—This species is com-
mon in summer in HNF, and evidence of re-

production was found each summer of sam-

pling, indicating maternity colonies are

present. It was the most commonly caught

species during spring, summer, and autumn
studies; and although it hibernates in caves, it

was rarely found there. This species often hi-

bernates individually in small cracks and crev-

ices in warmer areas (Whitaker & Rissler

1992a, 1992b; Brack et al. 2003). Although

difficult to find in hibernacula, it is frequently

found entering and exiting caves and mines in

spring and autumn, providing indirect evi-

dence of winter use. Northern myotis were

73% of spring and autumn captures at the ka-

olinite mine. Whitaker et al. (2002) found

numbers of this species in Indiana stable over

time. In summer habitats, the northern myotis

is sometimes considered more common in up-

lands than along steams and water bodies; and

in the 1998 sample that appeared true. It was

the only species caught significantly more of-

ten in upland habitat. The rate of catch in

1990 was higher, and that of 1998 was lower

than the rate of catch by Brack (1983) in

northern Indiana (0.03 riparian, 0.25 upland,

and 0.17 total).

Red bat.—The red bat was the second most
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commonly-caught species in summer mist net

surveys. The red bat is migratory, although

some individuals likely remain in Indiana and

HNF throughout the year. Accordingly, it was
not represented in spring and autumn surveys

of the kaolinite mine or in winter surveys of

caves. Whitaker et al. (2002) considered the

species to be declining in Indiana; the rate of

catch was lower in 1998 than in 1990. The
rates of catch in 1990 in upland and all hab-

itats were greater than in northern Indiana

(0.92 riparian, 0.40 upland, and 0.61 total; see

Brack 1983), but the catch in both 1998 and

combined 1996/1999 was less than in northern

Indiana. Like in northern Indiana, red bats

were more common in riparian habitat. Evi-

dence of reproduction was found during each

summer of sampling. In 1998, reproductive

female red bats were more common than adult

males. In the Appalachian Mountains, abun-

dance of reproductive females is inversely re-

lated to elevation; the weather is harsher

(colder, wetter, and more variable) at higher

elevations (Brack et al. 2002).

Eastern pipistrelle.—This species is com-
mon in the southern portion of the state but

less common in northern areas, where it is

most often found along major drainages

(Brack & Mumford 1984). It was among the

most commonly-caught species in mist nets in

HNF, where the rate of catch was much great-

er than found by Brack (1983) in northern In-

diana (0.18 riparian and 0.07 total); and it was
more common in riparian than upland habi-

tats. In each summer of sampling, we found

evidence of reproduction. In both 1990 and

1998, male pipistrelles were more common in

mist nets than reproductive females; but we
have no explanation why this occurred. Abun-
dance of this species in Indiana is apparently

increasing (Whitaker et al. 2002). It forms ma-
ternity colonies in clusters of leaves (Veilleux

et al. 2003) and in winter it hibernates in small

numbers in many caves. In HNF, the eastern

pipistrelle was common in winter hibernacula,

and it was commonly taken at cave and mine

entrances.

Big brown bat.—The big brown bat is

common in many portions of its range, in-

cluding Indiana, where it co-exists with man
and readily uses a landscape heavily modified

by man. Statewide, it appears to be increasing

in abundance (Whitaker et al. 2002). Although

often found in caves and mines in autumn.

winter, and spring, numbers of individuals are

low because most individuals hibernate in

buildings where temperatures remain above

freezing (Whitaker & Gummer 1992, 2000).

Evidence of reproduction was found in most

summer samples. In both 1990 and 1998, male

big brown bats were more common than re-

productive females. This may be because ma-
ternity colonies are often in buildings, which

were uncommon in wooded areas netted, and

this may also account for the overall low rate

of catch. In northern Indiana, Brack (1983)

had a rate of catch per net-night substantially

greater (1.80 riparian, 1.65 upland, and 1.71

total) than in HNF. There was evidence big

brown bats were more common in riparian

than upland sites in both 1990 and 1998.

Little brown myotis.—The little brown
myotis is often considered one of the more
common bats throughout its range. It was not

common in either the 1990 or 1998 mist net

surveys, perhaps because maternity colonies

are often formed in buildings, which were un-

common in areas netted. However, it was

common in the 1996/1999 mist net surveys.

Most summer surveys provided evidence of

reproduction. Based largely on summer oc-

currences, Whitaker et al. (2002) thought the

species to be decreasing in Indiana, although

Brack et al. (2003) found the species may be

increasing in winter hibernacula. Foraging and

other activities are sometimes considered

more common along streams and near bodies

of water, as it apparently was in 1990. The
rate of capture in mist nets in northern Indiana

(0.82 riparian, 0.09 upland, and 0.39 total) re-

ported by Brack (1983) was comparable to the

1990 rate of catch but much greater than the

rate in 1998. This is one of three species that

commonly hibernates in caves and mines in

Indiana. It was the second most common spe-

cies in caves examined in HNF, and the sec-

ond most abundant species taken in spring and

autumn trapping at the kaolinite mine. Differ-

ences between summer and winter abundance

may be related to the relatively long distances

this species sometimes migrates.

Indiana myotis.—The Indiana myotis is a

federally-endangered species. In summer, fe-

males form maternity colonies in trees with

sloughing bark in wooded or more open hab-

itats. Indiana myotis sometimes migrate long

distances between hibernacula and maternity

roosts. Although wooded habitats are plentiful
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in HNF, no evidence of reproduction was

found. While this does not preclude the pres-

ence of maternity colonies, they are apparent-

ly less abundant here than in many portions

of the range. Brack et al. (2002) noted a lack

of correlation between an abundance of trees

and an abundance of Indiana myotis at the

landscape level. During summer, adult males

frequently remain geographically close to

winter caves (Whitaker & Brack 2002), and

six adult males were caught during summer
netting. Rates of catch per net-night of effort

in 1990 and 1998, and collectively in HNF,

were much less than rates of catch (0.36 ri-

parian, 0.12 upland, 0.22 total) in northern In-

diana (Brack 1983).

Males wearing radio-transmitters roosted

and were active in both riparian and upland

habitats in HNF. Activity areas, including for-

aging habitat, encompassed wooded and open

habitats and roads varying in size from forest

trails to a divided four-lane interstate highway.

Humphrey et al. (1977) reported members of

a nursery colony foraged only in riparian hab-

itat. However. Brack (1983) found no demon-
strable difference in activities between ripari-

an and upland habitats either in terms of

foraging activities or in terms of the rate of

catch. Some species of trees are more likely

to provide roosts when live (in this study,

shagbark hickory and white oak), while others

are more likely to provide roosts when dead

(pine, American elm, and northern red oak).

The species of roost tree was indicative of the

habitat, with oaks, hickories, and pines in up-

lands and American elm in riparian areas.

Roost use in HNF was similar to use in Daniel

Boone National Forest (DBNF), Kentucky

(Gumbert 2001). Like HNF, only adult males

were found in DBNF during summer. In

DBNF, adult males roosted more frequently in

pine in summer (24 of 41 roosts) and autumn
than in spring, when more shagbark and

mockernut (C. tomentosa) hickories and white

oaks were used. Only 1 of 41 summer roosts

in DBNF was in an American elm. In DBNF.
no live trees were used as summer roosts; 40
of 41 summer roosts had < 10% usable bark;

and 37 of 41 roosts had open (received direct

sunlight from top and sides) to intermediate

(limited overhead but direct sunlight on at

least one side) canopy cover. Summer roosts

in DBNF were 6.4-51.5 cm (x = 28.3 cm).

or about 10 cm smaller than in HNF. Of 23

adult males radio-tagged in DBNF in summer.

19 were found in 41 roost trees.

Although Indiana myotis were not common
in summer surveys, they were a large per-

centage of bats in winter surveys because of

clusters in one hibernaculum. Gypsy Bill Al-

len Cave. This cave was first surveyed in 2001

and contained 134 Indiana myotis. predomi-

nately in a single cluster. In 2003. 250 bats

were found in three areas of the cave. This

population of bats may have been hibernating

in this cave undetected for many years, or use

may have begun in recent years, as it has at

several other Indiana caves (Brack et al.

2003). The area used in 2001 was warmer, and

areas used in 2003 were colder than hibernac-

ula containing the largest and increasing pop-

ulations of Indiana myotis. Variability in use

of locations and temperatures may be associ-

ated with new or re-colonized hibernacula. A
single Indiana myotis was found in a low. per-

haps flood-prone, passage of Bluff House
Cave in 2002, but none were present in 2003.

The presence of one bat one time probably

represents a natural affinity of the species to

sample new areas.

Hoary bat.—The hoary bat is a woodland

species that makes up a small part of the sum-

mer bat fauna in HNF. Four hoary bats, in-

cluding three reproductive females, were

caught. In northern Indiana, Brack (1983) had

a greater catch rate of hoary bats (0.08 ripar-

ian, 0.15 riparian, and 0.12 total). Whitaker et

al. (2002) considered numbers of hoary bats

in the state to be decreasing.

Gray myotis.—In Indiana the gray myotis,

a federally-endangered species, is on the pe-

riphery of its range. While there is no evi-

dence of a maternity colony in HNF. a single

adult male was caught in the Forest. This in-

dividual, captured in Crawford Count) . and

another adult male captured about (15 km
from HNF in Perry County along Knob Creek

(Whitaker & Gummer 2001). were likely va-

grants from Kentucky or from the only know n

colony in Indiana, in Clark Count) (Brack et

al. 1984; Whitaker et al. 2001). Males have

also been seen in Wyandotte Cave in summer.

Evening bat.—The evening bat is listed as

endangered by the State of Indiana. It cur-

rently occurs mostly in bottomlands of the

Wabash River in southwestern Indiana, al-

though there are also colonies in Hendricks.

Bartholomew and Jennines counties. The sin-
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gle adult male evening bat captured was not

near any known colony, which are typically

made up of females and young. It is likely

males of this species, like many other species

of bats, wander widely during summer.

Silver-haired bat.—The single silver-

haired bat taken in HNF, a male caught in late

May, was undoubtedly a spring migrant. The
species is also present during autumn migra-

tion and is a woodland species. In northern

Indiana, Brack (1983) had a similar rate of

catch of silver-haired bats (0.02 upland and

0.01 total). Although this species typically is

present in Indiana only as a migrant, Whitaker

et al. (2002) considered their numbers to be

increasing slightly during migration.

ACKNOWLEDGMENTS
The U.S. Forest Service, North Central For-

est Experiment Station, provided financial

support for field studies in 1981. Hoosier Na-

tional Forest provided support for the remain-

ing field studies; we thank Kelle A. Reynolds

for her support. Keith Dunlap helped with

most cave surveys. We thank Linda Castor for

graphics production. Dean Metter and Bobby
Witcher were a source of inspiration.

LITERATURE CITED

Brack, V., Jr. 1983. The nonhibernating ecology of

bats in Indiana with emphasis on the endangered

Indiana bat, Myotis sodalis. Ph.D. dissertation, Pur-

due University, West Lafayette, Indiana. 280 pp.

Brack, V. Jr., S.A. Johnson & R.K. Dunlap. 2003.

Wintering populations of bats in Indiana, with

emphasis on the endangered Indiana bat (Myotis

sodalis). Proceedings of the Indiana Academy of

Science 112:61-74.

Brack, V. Jr. & R.E. Mumford. 1984. The distri-

bution of Pipistrellus subflavus and the limit of

the Wisconsinan glaciation: An interface. Amer-
ican Midland Naturalist 112:397-401.

Brack, V, Jr., R.E. Mumford & V.R. Holmes. 1984.

The gray bat (Myotis grisescens) in Indiana.

American Midland Naturalist 1 1 1:205.

Brack, V., Jr., C.W. Stihler, R.J. Reynolds, C. Butch-

koski & C.S. Hobson. 2002. Effect of climate

and elevation on distribution and abundance in

the midwestern United States. Pp. 21-B28, In

The Indiana Bat: Biology and Management of an

Endangered Species (A. Kurta & J. Kennedy,

eds.). Bat Conservation International, Austin,

Texas.

Gumbert, M.W. 2001. Seasonal roost tree use by

Indiana bats in the Somerset Ranger District of

the Daniel Boone National Forest, Kentucky.

M.S. thesis, Eastern Kentucky University, Ken-
tucky. 136 pp.

Humphrey, S.R., A.R. Richter & J.B. Cope. 1977.

Summer habitat and ecology of the endangered

Indiana bat, Myotis sodalis. Journal of Mammal-
ogy 58:334-346.

LaVal, R.K. & M.L. LaVal. 1980. Ecological studies

and management of Missouri bats, with emphasis

on cave-dwelling species. Missouri Department of

Conservation Terrestrial Series 8:1-53.

MacArthur, R.H. 1972. Geographical Ecology.

Harper and Row, New York. 269 pp.

Mumford, R.E. & J.O. Whitaker, Jr. 1982. Mam-
mals of Indiana. Bloomington University Press,

Indiana. 537 pp.

Veilleux, J., J.O. Whitaker, Jr. & S. Veilleux. 2003.

Tree roosting ecology of reproductive female

eastern pipistrelles, Pipistrellus subflavus, in In-

diana. Journal of Mammalogy 84:1068-1075.

Whitaker, J.O., Jr. & V. Brack, Jr. 2002. Myotis

sodalis in Indiana. Pp. 53-B59, In The Indiana

Bat: Biology and Management of an Endangered

Species (A. Kurta & J. Kennedy, eds.). Bat Con-

servation International, Austin, Texas.

Whitaker, J.O., Jr., V. Brack, Jr. & J.B. Cope. 2002.

Are bats in Indiana declining? Proceedings of the

Indiana Academy of Science 1 1 1:95-106.

Whitaker, J.O., Jr. & S.L. Gummer. 1992. Hiber-

nation of the big brown bat, Eptesicus fuscus, in

buildings. Journal of Mammology 73:312-316.

Whitaker, J.O., Jr. & S.L. Gummer. 1993. The sta-

tus of the evening bat, Nycticeius humeralis, in

Indiana. Proceedings of the Indiana Academy of

Science 102:283-291.

Whitaker, J.O., Jr. & S.L. Gummer. 2000. Popu-

lation structure and dynamics of big brown bats,

Eptesicus fuscus, hibernating in buildings in In-

diana. American Midland Naturalist 143:389-

396.

Whitaker, J.O., Jr. & S.L. Gummer. 2001. Bats of

the Wabash and Ohio River basins of south-

western Indiana. Proceedings of the Indiana

Academy of Science 1 10:126-140.

Whitaker, J.O., Jr. & W.J. Hamilton, Jr. 1998.

Mammals of the Eastern United States. Cornell

University Press. Ithaca, New York. 583 pp.

Whitaker, J.O., Jr., L. Pruitt & S. Pruitt. 2001. The
gray bat, Myotis grisescens, in Indiana. Proceed-

ings of the Indiana Academy of Science 110:

114-122.

Whitaker, J.O., Jr. & L.J. Rissler. 1992a. Winter

activity of bats at a mine entrance in Vermillion

County, Indiana. American Midland Naturalist

127:52-59.

Whitaker, J.O., Jr. & L.J. Rissler. 1992b. Seasonal

activity of bats at Copperhead Cave. Proceedings

of the Indiana Academy of Science 101:127-134.

Manuscript received 10 August 2003, revised 8 No-

vember 2003.



2004. Proceedings of the Indiana Academy of Science 1 13(l):87-93

MAMMALS OF WILLOW SLOUGH FISH AND WILDLIFE
AREA, NEWTON COUNTY, INDIANA

John O. Whitaker, Jr.: Department of Life Sciences, Indiana State University. Terre

Haute, Indiana 47809 USA

ABSTRACT. Forty-one of the 57 species of mammals know to occur in Indiana were documented at

Willow Slough during these studies. The western harvest mouse (Reithrodontomys megalotis), not pre-

viously known from the state, apparently entered Indiana from Illinois at or near Willow Slough in 1969.

Species not previously collected in Newton County were the least shrew (Cryptotis parva), the woodland

vole (Microtus pinetorum), and the little brown myotis (Myotis lucifugus).

Keywords: Mammals, Willow Slough Fish and Wildlife Area, Indiana, Newton County

The Indiana Biological Survey of the In-

diana Academy of Science is encouraging bi-

ological surveys of all public (state and fed-

eral) natural areas in the state. There is some
previously published information on mam-
mals of Willow Slough Fish and Wildlife Area

in Mumford & Whitaker (1982); and, also,

Whitaker & Mumford (1972) did a study on

the western harvest mouse there. The author

has taken his mammalogy classes to Willow

Slough for many years, The purpose of this

paper is to summarize our knowledge of the

mammals currently inhabiting Willow Slough

Fish and Wildlife Area in Newton County, In-

diana, a preserve covering 4032 hectares

(9956 acres) (Fig. 1).

METHODS

Indiana State University mammalogy clas-

ses have visited the Willow Slough Fish and

Wildlife Area in alternate years for two-night

sessions of small mammal trapping from 1967

through 2001. Most trips were in late April,

but one (1971) was in May, and one (1969)

was in August. Much of the trapping was in

certain selected areas and was relatively sim-

ilar from year to year. Favored trapping areas

were 1) just north of parking area 4 along the

west side of Northwinds Road, 2) a field

("rye" old-field) south of county road 100 N,

about 1.7 mi. east of the Service Area, 3) east

of parking area 2, the area of the old silo, and

4) the ditches along the patrol road. Most of

the data for this paper came from those trips.

During every trip, snap-traps were set for

small mammals, with trap-nights numbering

from 900-3000 per trip. In addition, pocket

gopher traps were set for pocket gophers

(Geomys bursarius) which are common on the

area, and mole traps were sometimes used.

Observations were made of larger mammals
during our trips, and the Willow Slough area

manager, David Spitznagle, supplied some in-

formation on larger mammals. Additional data

came from work in 1969 and 1970 on the

western harvest mouse after it entered the area

(Whitaker & Mumford 1972). Much of the

harvest mouse trapping was done in the field

mentioned above which had been planted to

rye. This work yielded 10 species of small

mammals. Also, five nights of bat mist-netting

were done on the area in the summer of 1982.

RESULTS

Forty-one of the 57 species of mammals
currently occurring in Indiana were recorded

from Willow Slough Fish and Wildlife Area.

Newton County, Indiana during studies from

1967 through 2001. Included was one state-

endangered species. Franklin's ground squir-

rel, and one species of special concern, the

plains pocket gopher. A total of 2025 mam-
mals of 22 species was taken during our trap-

ping efforts (Table 1). 1404 during the IS

class trips and 561 during the study on harvest

mice (Reithrodontomys) in 1969-70 (Whitak-

er & Mumford 1972). Most of the bats were

captured in mist-nets, and notes were taken on

the larger species.

DIDELPHIMORPHIA
Didelphidae (opossums).—Virginia opos-

sums. Didelphis virginiana, were common or

87



88 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

£r Co. Rd. 300 N

Co]

iy

Beaver

\ \

Figure 1.—Willow Slough Fish and Wildlife Area, in Newton County, Indiana, covers 4032 hectares.

Stippled areas indicate major bodies of water. Numbers indicate some of the parking areas as reference

points.

abundant at Willow Slough. They were often

seen at night along roadsides.

INSECTIVORA

Soricidae (shrews).—Three species of

shrews were collected at Willow Slough: 166

masked shrews (Sorex cinereus), 83 short-

tailed shrews {Blarina brevicauda), and one

least shrew (Cryptotis parva). The maximum
number of masked shrews trapped during any

one trip was 22, and masked shrews were

trapped every trip but three. Most of the

masked shrews were from moist old-fields,

and along the edges of the numerous ditches

and ponds; and some were from woods. Soil

moisture was critical, and a ground covering

of moss often occurred where masked shrews

were found. Although the soil was dry in the

rye old-field where most of the harvest mice

were trapped, 17 additional masked shrews

were captured during that work. There is al-

ways the possibility that the pygmy shrew will

occur in this part of the state, so the unicus-

pids of every long-tailed shrew were checked

to be sure all were actually masked shrews

and not pygmy shrews. The short-tailed shrew

was one of only four species that was col-

lected during every class trip. Like the masked
shrew, the short-tailed shrew was taken most-

ly in moist habitats. The least shrew is less
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Table 1.—Small mammals of Willow Slough Fish and Wildlife Area, Newton County. Indiana taken

during 18 class field trips (3 per period) and during study of western harvest mouse. 1969-1970.

Harvest

mouse
Years of class fie Id trips

Class

study

1969-70

trip

total

Grand
67-71 73-77 79-83 85-89 91-95 97-01 total

Sorex cinereus 17 9 35 31 40 26 8 149 166

Blarina brevicauda 15 19 1 1 10 7 7 14 68 83

Cryptotis parva 1 1

Scalopus aquaticus 3 1 5 7 3 19 19

Peromyscus leucopus 53 63 157 75 80 78 46 499 552

Peromyscus maniculatus 194 15 41 25 8 35 27 151 345

Reithrodontomys megalotis 170 15 45 1 1 19 7 6 103 273

Microtus pennsylvanicus 14 33 72 44 36 26 25 236 250

Microtus ocrogaster 64 13 15 5 13 4 5 55 1 19

Microtus pinetorum 1 1

~>

2

Ondatra zibethicus 1 1 1

Synaptomys cooperi 1 1

Mus musculus 32 9 4 1 14 46

Zapus hudonicus 10 2 2 2 3 19 19

Geomys bursarius 17 31 18 16 1 1 s 101 101

Glaucomys volans 5 4 13 10 32 39

Tamiasciurus hudsonicus 1 1 2 4 4

Tamias striatus 2 2 2

Spermoph ilus franklin ii 2 2 2

Sylvilagus floridanus 2 3 5 5

Myotis lucifugus 1 1 I

Eptesicus fuscus 1 1 1

Total 561 211 413 234 230 217 159 1464 2025

Trap-nights 14,484 6688 11,870 5782 6850 5510 3625 40.325 54.809

common in northern than in southern Indiana

and was rather uncommon at Willow Slough.

Unlike most shrews, it occurs in drier open
fields. No least shrews were taken during the

class field trips (Table 1). However, one was
taken 5 December 1970 in the rye old-field

during the Reithrodontomys study. It consti-

tutes a new county record.

Talpidae (moles).—One species of mole,

the eastern mole Scalopus aquaticus, occurs

at Willow Slough. Only 17 individuals were
caught, but the species is common. Numerous
fresh burrows were seen every trip, and we
could have taken any number if we had
trapped for them regularly. Burrows were
common in open sandy fields, and were es-

pecially obvious across the plowed fire lanes,

and some burrows extended into the woods.

CHIROPTERA
Vespertilionidae (mouse-eared bats).—

Four species of bats were caught by mist-net-

ting at Willow Slough: 27 little brown myotis.

17 big brown bats, 6 red bats, and 1 hoar)

bat. These are the first records of the little

brown myotis in Newton County.

LAGOMORPHA
Leporidae (rabbits and hares).—The

eastern cottontail {Sylvilagusfloridanus) is the

only rabbit occurring at Willow Slough and is

very common. Hunters harvested 13.755 rab-

bits there between 1955. the first rabbit season

at Willow Slough, and 2002.

RODENT1A

Sciuridae (squirrels).—All eight species

of squirrel known from Indiana have been

found at Willow Slotigh. Eastern chipmunks

(Tamias striatus) arc not \ er\ common ionl\

two taken during our work. Table I). How-
ever, they arc becoming more common in

woodlots as the amount of woods increases.

We have not seen an\ woodchucks {Marmota
monax) during our work. Willow Slough per-

sonnel stated that woodchucks have declined
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and are now rare, and that sometimes years go

by without a single observation. The apparent

decline is probably because of the increase of

the coyote. The thirteen-lined ground squirrel

(Spermophilus tridecemlineatus) is common
along roadsides in the general area of Willow

Slough, but it is not very common at Willow

Slough itself. There are a few in the southeast

corner of the property. We have seen two in-

dividuals, but have not captured any. Frank-

lin's ground squirrel (Spermophilus franklinii)

is considered as endangered in Indiana, but we
captured two at Willow Slough, both in 1971

and both by hand. One was in a large grassy

old-field north of the Enos Road, the other

was in a brush pile in the north end of the

property. Another was seen by Willow Slough

personnel in the southeastern part of the prop-

erty in the 1980s. It is not known whether this

species still exists at Willow Slough.

The fox squirrel (Sciurus niger), is the com-
mon tree squirrel at Willow Slough. A total of

24,670 squirrels was harvested from 1956, the

first open season on squirrels at Willow

Slough, through 2002. Nearly all were fox

squirrels. The gray squirrel (Sciurus caroli-

nensis) is rare at Willow Slough, although

several were seen in the campground in 2002.

Seldom more than one or two are harvested

in a year. Red squirrels (Tamiasciurus hud-

sonicus) are common at Willow Slough. We
have collected only four during our class trips,

but they are frequently seen around the head-

quarters area and can be found in many of the

pine plantings. Southern flying squirrels

(Glaucomys volans) are quite common. We
captured 24 during class trips (Table 1). Also,

we often saw flying squirrels at dusk moving
about in the black oaks across the road north

of the rye field. In a separate study on flying

squirrels, we found many by tapping on dead

tree stumps. Most stumps were about 2—4 m
high, and nearly all contained woodpecker
holes. When a snout would protrude after the

tapping we would allow the squirrel to go

back inside while we determined how to cap-

ture it. Often we were able to cover the open-

ing, then cut off the top of the stump and re-

trieve nest and squirrel.

Geomyidae (pocket gophers).—The plains

pocket gopher (Geomys bursarius) is listed as

special concern in Indiana. However, it reach-

es its greatest abundance in Indiana in the

Willow Slough area (Mumford & Whitaker

1982; Thorne 1989). Numerous mounds were

always present, although only the freshest

ones yielded gophers in our traps. We trapped

101 gophers during the 18 class trips (Table

1). Plains pocket gophers seldom leave their

burrows, thus are presumably seldom caught

by predators. We did find one individual

which had apparently been taken by a preda-

tor. Only its skin was present, and it was on

top of the ground. In another case a gopher

snake (Pituophis melanoleucas) was stretched

out next to a fresh gopher mound, with its

nose and about 15 cm of its body burrowed

into the mound.
Castoridae (beavers).—On several occa-

sions, American beavers {Castor canadensis)

were seen in the ditches. Trappers take up to

15-20 beavers at Willow Slough in some
years. Once I dug into two lodges. There was
a ledge inside with an opening to the water

on one side, but I was surprised to find no

nesting material.

Muridae: Sigmodontinae (New World
mice).—Three species of New World mice oc-

cur at Willow Slough. The white-footed

mouse (Peromyscus leucopus) is probably the

most abundant mammal there. A total of 552

was taken during our studies, most in woods
and brushy areas; but a number, especially

younger individuals, were taken in open
fields. The prairie deer mouse {Peromyscus

maniculatus bairdii) in Indiana is most com-
mon in open areas - it is the only small mam-
mal that is significantly more abundant in

open areas than in areas with more ground

cover such as cultivated fields, dunes, and ear-

ly serai stage strip-mined areas (Whitaker

1967). It is not as common as P. leucopus

except in such areas, but 151 individuals were

taken during the class trips; and 194 were tak-

en during the harvest mouse work. Many of

these were taken in cultivated areas or dry

open field. In the rye old-field, two prairie

deer mice were taken early, while the field

was still densely vegetated; but more were

taken later as the rye, which served as the

cover, died out.

The most interesting capture during our

work was the western harvest mouse (Reith-

rodontomys megalotis). None had ever been

captured in Indiana until we captured four at

Willow Slough on 16-17 August 1969, at

three different sites (Whitaker & Sly 1970).

Previous records were 185 km to the west in



WHITAKER—MAMMALS OF WILLOW SLOUGH 91

Whiteside, Stark and Carroll counties, in

northwestern Illinois (Whitaker & Mumford
1972). It seems clear that this species had re-

cently entered Indiana from Illinois, as a great

deal of trapping had occurred at Willow

Slough prior to this work; and none were

caught earlier. However, after this, 103 were

caught in 18 class trips. The largest numbers

were taken in 1971, 1973 and 1975, and then

numbers were generally lower, with none be-

ing taken in five of the following years. The
decrease in numbers occurred as the rye dis-

appeared and the field changed from a field

containing excellent cover to a dry old-field

with much less cover. Another 170 harvest

mice were trapped in 1969 and 1970 and ex-

amined for food, parasites and reproductive

data (Whitaker & Mumford 1972).

Muridae: Arvicolinae (voles).—Counting

the muskrat, all five species of voles of Indi-

ana occur at Willow Slough. The meadow
vole (Microtus pennsylvanicus) is common in

northern Indiana in lush grassy habitats, and

was taken on every trip. The little criss-

crossed piles of grass stems left by this spe-

cies were common in some years. A total of

250 individuals was taken. The prairie vole

{Microtus ochrogaster) is much more abun-

dant in southern than northern Indiana; and,

accordingly, only 55 individuals were taken

during class trips (Table 1). We only captured

two woodland voles (Microtus pinetorum)

during our studies, but we did not often take

the time to sink traps into their underground

burrows. This is the first record of the wood-
land vole in Newton County. No southern bog
lemmings (Synaptomys cooperi) were taken

during the class trips, but one was taken dur-

ing the harvest mouse study.

The muskrat {Ondatra zibethicus) is com-
mon in ditches and marshes at Willow Slough.

Some individuals living along the ditches use

bank burrows, but the larger marshy areas

contain numerous muskrat lodges. The highest

muskrat populations occurred with increased

cattails soon after a large shallow lake was
built in 1951 (Fig. 1). Thousands were taken

by trappers. Over the years cattails and musk-
rats have declined, although after each lake

renovation, cattails are restored and muskrats

abound.

Muridae: Murinae (Old World rats and
mice).—Relatively few (46) house mice (Mus
musculus) were collected. The house mouse is

common in cultivated fields, especially when
much ground cover is present (Whitaker

1967); but few of our traps were in cultivated

fields. Most house mice were taken in the rye

when it still formed ample cover. We took no

Norway rats (Rattus norvegicus), but we did

not often use rat traps in areas where rats were

likely to occur. However, area personnel have

seen relatively few.

Dipodidae: Zapodinae (jumping mice).—
The meadow jumping mouse (Zapus hudson-

ius) is quite common in grassy fields at Wil-

low Slough. Only 14 were caught because

most of the trips were in April. The species

does not start emerging from hibernation until

about April 20, so the small number of cap-

tures is not surprising. Later in the season

(May 1971) five were taken on one trip.

CARNIVORA
Canidae (dogs, foxes and coyotes).—The

coyote (Canis latrans) has become abundant

at Willow Slough which parallels the situation

in the state over the past 15 years. Coyotes

are frequently encountered by deer and turkey

hunters, who harvest about 15-20 coyotes per

year. We saw the den and pups of a red fox

(Vulpes vulpes) in a large dirt mound just

southeast of the junction of the Patrol Road
and Pogue Road, and Willow Slough person-

nel have seen several dens. However, it ap-

pears that red foxes have mostly been replaced

by the coyote, as has occurred elsewhere in

the state. The gray fox {Urocyon cinereoar-

genteus) is very infrequent. I have not seen

any, and Willow Slough personnel have seen

very few.

Procyonidae (raccoons).—Raccoons (Pro-

cyon lotor) are very common at Willow

Slough. They were often seen crossing the

road or dead on the road. About 400 are har-

vested each year.

Mustelidae (weasels and allies).—The
least weasel (Mustela nivalis) appears to be

rare at Willow Slough. None were seen during

this study, and Willow Slough personnel have

seen only two there, one west of the Service

Area and one dead on the road on 100 X. It

would seem that long-tailed weasels {Mustela

frenata) would be fairly common at Willow

Slough, but we have seen only three. The

mink {Mustela vison) is relatively common.
One year one was seen in late afternoon car-

rying a muskrat it had apparently just killed.
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The mink population may rise and fall with

the cattail population, along with muskrats, a

common food of the mink. At another time,

after much rain, several minks were seen in

late afternoon. We felt that they had been

flooded out of their burrows. Badgers (Taxi-

dea taxus) are uncommon at Willow Slough,

although they have been seen several times,

mostly on the north end of the property, and

several have been killed on Highway 41 with-

in 10 km of Willow Slough.

Mephitidae (skunks).—We saw a striped

skunk {Mephitis mephitis) walk across the

field near where we had found the red fox den,

but skunks are not common at Willow Slough.

Roadkills are rarely seen, and hunters rarely

report them.

ARTIODACTYLA

Cervidae (deer).—The first hunting season

for white-tailed deer (Odocoileus virginiana)

was held in 1962, when relatively few deer

were present, and only 9 were taken. The
number of deer killed over the years indicates

the population buildup. The average numbers

killed per year were 11 from 1962-65, 27

from 1966-70; 48 from 1971-75; 102 from

1976-80; 176 from 1981-85; and 249 from

1986-90. It then dropped to 205 from 1991 —

95, and 149 from 1996-2002.

DISCUSSION

Willow Slough contains a variety of habi-

tats and at least 41 of the 57 species of mam-
mals known in the state. Four species were

taken on every class trip; the short-tailed

shrew (Blarina brevicauda), eastern meadow
vole (Microtus pennsylvanicus), plains pocket

gopher (Geomys bursarius), and white-footed

mouse Peromyscus leucopus). The most abun-

dant species taken was the white-footed

mouse, with a total of 552 individuals. Other

common species at Willow Slough taken or

observed on most trips were the masked
shrew (Sorex cinereus), prairie deer mouse
{Peromyscus maniculatus bairdii), white-

tailed deer (Odocoileus virginiana), red squir-

rel (Tamiasciurus hudsonicus), muskrat (On-

datra zibethicus), and cottontail rabbit

(Sylvilagus fioridana). Although not often

sampled, the eastern mole (Scalopus aquati-

cus) is very common at Willow Slough, as

evidenced by its numerous burrows. One
southern bog lemming (Synaptomys cooperi)

and one least shrew (Cryptotis parva) were

taken during the class trips. All species of

squirrels of Indiana are present; although the

woodchuck is rare, and Franklin's ground

squirrel may be extirpated.

The most interesting capture was of the

western harvest mouse. It had never been tak-

en in the state previously, although much prior

trapping had occurred at Willow Slough. It ap-

pears that the species first moved into the state

from Illinois at or near Willow Slough in

1969, and found a large rye field there to be

excellent habitat. It then probably dispersed

out in large numbers from this center.

The two common voles in grassy fields of

Indiana are the meadow vole (M. pennsylvan-

icus) and the prairie vole (M. ochrogaster).

The meadow vole is more abundant in the

northern part of the state and in more lush,

moist habitats, whereas the prairie vole is

more abundant in the southern part of the state

and in drier, more sparsely vegetated grassy

fields. The meadow vole was by far the most

abundant of the two voles at Willow Slough

because of the lush grassy vegetation, and

since Newton County is in the northern part

of the state. Pine voles and bog lemmings are

present, but their abundance is not known.

The beaver, the deer and the coyote were

all in low numbers earlier, but all have in-

creased dramatically at Willow Slough as they

have in other parts of the state since the

1980s. The red fox, and probably the gray fox

as well, appears to be decreasing.

The bobcat has been increasing in the state

in recent years, and the otter has been reintro-

duced. Neither of these species has been

found at Willow Slough. The pygmy shrew

(Sorex hoyi) has been taken to the west in

northern Illinois, thus could occur in Indiana.

To date we have taken only four bat species.

Bats that likely occur at Willow Slough, but

that have not been taken, are the Indiana my-
otis (Myotis sodalis), the northern myotis (M.

septentrionalis), and the silver-haired bat ( La-

sionycteris noctivagans).
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MINUTES OF THE MEETINGS
OF THE

INDIANA ACADEMY OF SCIENCE
2003

COMBINED MEETING OF THE
EXECUTIVE COMMITTEE

AND COUNCIL

Anderson University

4 April 2003

Welcome and introductions.—President Robert

Waltz called the meeting to order at 2:00 PM. At-

tending: Edward Frazier, treasurer; Nils I. Johansen,

secretary; Jim Berry, editor of the Proceedings;

Don Ruch, president-elect; Terry R. West, past pres-

ident; Nelson Shaffer, executive director; Duvall A.

Jones, Youth Activities Committee chair; Holly Os-

ter, librarian; Uwe Hansen, newsletter editor; Mar-

cia Moore, web-site coordinator; Blake Janutolo,

Botany Section chair; Dick Conklin, Nominations

and Elections Committee chair; William R. Gom-
mel, historian; Richard Kjonaas, AAS representa-

tive; David Daniell, Local Arrangements chair; Mi-

chael Watters; Ken Kiers; Dan Webster; Jim Plew;

Gary Dodson.

Approval of minutes.—Council minutes from
the 2002 Fall Meeting at Butler University were

approved as corrected.

Explanation and approval of final agenda.—
President Waltz explained the system of reporting,

and that the Executive and Council meeting would
be combined as were the meetings for Spring 2002.

The meeting will be kept on schedule to provide

time for discussion on Goals, Mission, and Vision.

One hour was set aside for this on the agenda. Waltz

reported that he (Waltz), Ruch (President-elect) and

Shaffer (Executive Director) had been working on

this.

Executive Committee Reports

President-elect's report.—This was covered un-

der the introductory remarks.

Secretary's report.—Johansen referred to the

approval of minutes from the previous meeting.

Executive Director's report.—Membership is at

about the same level as at the same time last year

(800+ ). We are still waiting for response from the

lawyer on a legal opinion in regard to Corporate

membership and its privileges. We are investigating

the liability issue for field trips. Labels and e-mail

addresses are available for section chairs' use. The
2003 Yearbook is almost done.

Treasurer's report.—The 2002 year-end finan-

cial report and the account summary (through 31

March 2003) were handed out.

Editor of Proceedings report.—We now have

two issues of the Proceedings per year, and they

have been printed and mailed on schedule. The
turn-around time is about 3-6 months and currently

is averaging 3.7 months. There is an 80% accep-

tance rate. The Editor (Berry) stressed the need for:

more manuscripts (section chairs should encourage

their section members to publish in the Proceed-

ings); more volunteers to be reviewers; good pic-

tures as potential cover photos for the Proceedings.

Committee Reports of Special Note

Historian.—Bill Gommel reported on the deaths

of eight members this past year. The departed col-

leagues are: Malcolm D. Bray, Donald L. Burton,

Sears Crowell, William W Davis, Gerald E. Doe-
den, James A. Maple, Walter J. Moore, and Robert

W Rawlings. The names will be read at the general

business meeting, and the departed will be honored

with a moment of silence.

Biodiversity/natural areas.—Don Ruch report-

ed on progress on an overall database and the de-

velopment of a taxonomy database. The group is

also planning a "Bio-Blitz" (inviting experts—and

the public to observe—to spend a week-end comb-
ing a site), tentatively suggested to be held at Ft.

Harrison.

Research grants.—In Jeff Hughes' absence,

Dick Conklin summarized the work of the com-
mittee. New application forms and explanations to

help in filling out the form are now available. Waltz

commented positively on the quality of the work
done by the committee.

Elections.—Dick Conklin reminded the Council

that the following offices are scheduled for election:

President-elect, Secretary, Academy Foundation

member, and Research Grants Committee member.

Local arrangements.—David Daniell an-

nounced that Hanover College will host the 2004
meetings, and exact dates will be determined later.

Also, Blake Janutolo announced that tomorrow's

field trips will start at 8:30 AM.
Web-site.—Marcia Moore submitted a written

report and answered questions from the Council.

Past-president.—Terry West reminded the coun-

cil that this year the President-elect should come
from the physical sciences area (rotating; two years

94
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of life science representatives followed by a phys-

ical science representative to assure that all groups

of the Academy will be represented over time).

Executive director.—Nelson Shaffer summa-
rized reports from Hughes, Smeltz and Guthrie. The

Foundation's income was about the same as last

year, and the Foundation is pleased with Merrill-

Lynch as the broker.

Amendments.—Uwe Hansen presented to the

Academy a motion from the committee regarding

Emeritus members. By-laws Article 1, Section 1.

Item (7) will now read:

(7) Emeritus Member. A member who is 65

years of age or over, is retired and has been a

member of The Academy for 25 years or more.

Petitions for Emeritus Membership must be

submitted to the Executive Director, who con-

firms eligibility. Newly certified Emeritus

Members are recognized at the annual meeting.

Unanimous approval.

Library.—Holly Oster stated that the new con-

struction at the Indiana State Library is coming to

an end, and the Academy archives will be in order

by this summer. She also reminded all past presi-

dents of the Academy to send her a photo for the

Archives.

AAAS representative.—Richard Kjonaas sub-

mitted a written report.

Treasurer.—Ed Frazier indicated that there was

possibly a need for a dues increase. The Academy
cannot rely on continued monies from the Foun-

dation for operating purposes as the rules currently

are written. Discussion ensued regarding the impact

of a possible dues increase and its impact on the

overall number of members. No decision was

reached, but the Executive Director will look into

the matter and report back the experiences from

other state academies in similar circumstances.

Goals, Mission, and Vision

President Waltz outlined his philosophy on the

future of the Indiana Academy of Science. The goal

is benchmarking where we are and setting a course

for the future. He summarized his thoughts in, "We
need to look a little bit higher." Gommel raised the

issue that we never have had a (standing) long-

range planning committee, and that maybe we
needed that because we (the Academy) need that

continuity. Waltz suggested that the executive offi-

cers be part of that committee and that the Council

be the doers, the arms and legs of the committee.

He encouraged everyone to submit ideas to him. He
also encouraged section chairs to encourage indi-

vidual members to submit ideas. Don Ruch remind-

ed everyone that we need follow through. August

1 was suggested as a meeting day for further dis-

cussion. It was decided that the meeting site will be

at Butler University.

The last point was to go around the table and list

the action items from several of the members pres-

ent. In addition to work in the individual sections

and committees, the following items were raised:

Bill Gommel, with assistance and help from

Moore, Oster, Shaffer and the section chairs, will

work on publicity and how to give out information

(to the news media) so that it might actually "get

on the air."

Uwe Hansen proposed a workshop, with sugges-

tions for a speaker's bureau. He will have a formal

proposal by August.

Nelson Shaffer suggested videotaping the Speak-

er Of The Year presentation as something the Acad-

emy could use and distribute as news and infor-

mation about the Academy.

Holly Oster will work with Nelson Shaffer and

in general be the contact point.

The meeting adjourned at 5:36 PM.

RespectfulK submitted.

Nils I. Johan.sen. P.E.

Secretary

COMBINED EXECUTIVE COMMITTEE
AND COUNCIL MEETING

Anderson University

16 October 2003

President Robert D. Waltz called the meeting to

order at 3:01 PM. Attending: Edward Frazier. Nils

I. Johansen, Jim Berry, Frank A. Guthrie. Don
Ruch, Nelson Shaffer, Terry West. Bill McKnight.

Holly Oster, Uwe Hansen, Jeff Hughes. Blake Jan-

utolo, Damian Schmelz, Amy Sheaffer. Richard

Kjonaas, Dick Conklin, Gary Dodson. David Dan-

iell, Dan Webster, Paul Rothrock. John Shun. Jim

Gammon, Stanley S. Shimer. William R. Gommel.
Thomas P. Simon.

The minutes of the previous meeting were ap-

proved.

Committee Reports

Treasurer.—Ed Frazier passed out the financial

report. The IAS is close to the budget, but a pos-

sible dues increase and an increase in meeting fees

will be discussed at the budget meeting in Decem-

ber 2003.

Executive Director.—The IAS has 873 members
in 2003. Nelson Shaffer discussed membership

trends and distributed a list of contact persons for

the media.

Proceedings editor.—Jim Berr\ said there will

be two issues per year, and the> are listed with the

appropriate indexing organizations.

Newsletter editor.—Uwe Hansen reminded the

attendees to submit science-related comments to the

editor.

Secretary.—Johansen distributed minutes of the

Spring meeting. The minutes were approved.
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Foundation Committee.—Frank Guthrie dis-

tributed the report from the Foundation Committee.

Natural Resources Commission.—Damian
Schmelz distributed a report.

AAAS representative.—Richard Kjonaas gave a

summary of activities.

Elections.—Dick Conklin announced results of

the election: President-elect: Uwe Hansen; Sec-

retary: Nils I. Johansen; Foundation: Wendell Mc-
Burney: Research Grants: James Bandoli.

Local arrangements.—Dave Daniell gave a

summary. Next year the Spring and Fall meetings

will be at Hanover College.

Publications.—Mc Knight said page charges for

the Proceedings will be rescinded for 2004.

Library.—Holly Oster summarized the current

state of affairs (construction, remodeling, access to

records) at the Indiana State Library. There is an

IAS display case in the lobby of the library.

Biodiversity.—Rothrock submitted the annual

report. Tom Simon gave a progress report on the

data base and the upcoming "Bio-Blitz."

Speaker of the Year.—Robert Shutt reminded

the Academy that he always needs nominations for

good speakers.

Past-president.—Terry West reported on the En-

gineering Section and also on the need for section

chairs to communicate with each other.

Awards.—Jim Gammon announced the follow-

ing awards: Distinguished Scholar: Dr. Frank Ed-

mondson; Outstanding Service: Dr. Damian
Schmelz; Fellow: Dr. Robert Shutt. Nelson moved
to adopt the slate; passed unanimously.

Grants.—Hughes summarized the current status.

Science education.—Shimer summarized the

work.

Old Business

Website.—Bob Waltz gave a report for Marcia

Moore.

Membership.—Nelson Shaffer summarized the

membership status.

Youth activities.—Don Ruch discussed the pro-

cedure for judging student presentations, which will

be discussed again at the Spring 2004 meeting.

Future meeting dates.—Jeff Hughes announced

that the Spring meeting will be at Hanover College

on 16-17 April and the Fall meeting will be on 28-

29 October 2004.

Budget meeting.—-The meeting will be at Ball

State University at 10 AM on 13 December.

New Business

IAS Oversight Committee.—Bob Waltz sug-

gested that a committee composed of the Executive

Director, President, Past-President and interested

members be established. It was suggested that the

immediate Past-President chair the committee. The
committee will be a sub-segment of the Council.

President Waltz will work on details and report

back.

Bio-Blitz.—Tom Simon explained the concept

further.

Affiliate Members.—Nelson moved, Frazier

seconded a motion that the Environmental Law
Group, Science Writers of Indiana, and the Science

Alliance be given affiliate organizational status ac-

cording to Article IX in the By-laws. It was ap-

proved.

Section reorganization.—Bob Waltz suggested

the Council review the section offerings every five

years. At the Spring meeting 2004 there will be a

discussion of a posible need for a section in Math-

ematics, Statistics and Computer Science.

Corporate membership.—President Waltz will

continue to work on the issue of corporate mem-
berships. This may also be a Spring 2004 issue.

Concluding Comments.—President Waltz sum-

marized the meeting discussions. The meeting ad-

journed at 5:1 1 PM.

Respectfully submitted,

Nils I. Johansen, P.E.

Secretary

GENERAL BUSINESS MEETING

Anderson University

17 October 2003

President Robert Waltz thanked Anderson Uni-

versity for hosting the meeting. He announced the

award winners as recorded in the Council minutes.

There was a moment of silence honoring the mem-
bers of the Academy who died in the past year. The

election results, as recorded in the Council minutes,

were announced. It was announced that next year's

meetings will be at Hanover College. The President

thanked the membership for their support during his

year as president. President-Elect Don Ruch
pledged to continue Waltz" work. Executive Direc-

tor Nelson Shaffer formally thanked Waltz for his

work, and this was followed by the applause of the

membership. The meeting was adjourned 2:00 PM.

Respectfully submitted.

Nils I. Johansen, RE.

Secretary

BUDGET MEETING

Ball State University

1 3 December 2003

President-elect Don Ruch called the meeting to

order at 10 AM. Attending: Don Ruch, Terry West,

Ed Frazier, Bill McKnight, Nils I. Johansen, Paul

Rothrock, David Daniell, Jeff Hughes, Frank A.

Guthrie, Uwe Hansen, Nelson Shaffer.

The agenda was approved by consensus.

Ed Frazier gave a review of the fiscal year and

presented a summary of the accounts. The final ac-
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count summary includes the financial support pro-

vided by the Academy Foundation.

Short-term fiscal goals.—Jeff Hughes discussed

the research grants. The Academy newsletter should

publish the titles of awards, as should local news-

papers and institutions.

Don Ruch emphasized the need for the Academy
to balance the operating budget. There was com-

ment on the temporary support from the Academy
Foundation.

Don Ruch asked for a motion to request the Bud-

get Committee and the Council to authorize elec-

tronic voting. Frazier moved, Hansen seconded,

Guthrie opposed; all others in favor. The matter was

referred to the Amendments Committee for presen-

tation at the Spring 2004 meeting.

Ed Frazier moved to approve the proposed reg-

istration fees for the Fall 2004 meeting. The chang-

es raise fees $5 overall, with the exception of stu-

dent fees, which will remain the same. Rothrock

seconded the motion, and it passed unanimously.

The approved fees are: Members—$25 (advance

registration), $30 (on-site); Students—as in 2003;

Non-members—$35 (advance registration), $45

(on-site).

Don Ruch presented a motion from Bob Waltz to

waive registration fees for media attendees and the

Indiana Science Writers for three (3) years, with a

review of the waiver in 2006. Nelson Shaffer made
the motion, seconded by Rothrock; passed unani-

mously.

Don Ruch, for Bob Waltz, initiated a discussion

on joint and/or parallel meetings with other orga-

nizations and the Academy, and if these organiza-

tions should pay Academy fees. The consensus was
that joint meeting was one thing—an organization

having a meeting at the same place and time could

be considered a parallel meeting, without any offer

to have that organization attend the Academy meet-

ing.

Ed Frazier suggested a change in the status of the

funding for the Talent Search. Funding should come
from the Foundation invested income account since

this would be in line with the mission of the fund.

Frazier made the motion, Daniell seconded it. and

it passed unanimously.

The Membership Committee (Frazier. Shaffer.

Ruch) presented a recommendation to revise the

dues structure for the membership categories. The

committee report passed unanimously.

Long-range planning/financial goals.—Follow-

ing a general discussion, it was decided that Waltz.

Nelson, Shaffer, Ruch, Hansen, and West will form

an advertising committee and look into guidelines

for obtaining revenue from advertising.

Budget.—Frazier moved to accept the budget as

presented, with the amendments made during the

meeting. McKnight seconded the motion, and it was

unanimously approved.

The meeting was adjourned at 12:09 PM.

Respectfully submitted.

Nils I. Johansen, P.E.

Secretarw

Executive Committee Meeting

Ball State University

13 December 2003

The meeting was called to order at 12:05 PM.
Present: IAS Executive Committee.

Ed Frazier moved that the treasurer be authorized

to sign letters of employment for the Executive Di-

rector: $4000.00; Editor of the Proceedings:

$4000.00; Webmaster: $2000.00: Publication Chair:

$4000.00; Newsletter Editor: $1000. 00. Hanson

seconded the motion,and it was unanimous!} ap-

proved.

The meeting was adjourned at 12:20 PM.

Respectful 1\ Submitted.

Nils I. Johansen, P.E.

Secretary
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INDIANA ACADEMY OF SCIENCE
2003 Year End Financial Report

Balance Revenues Expenses Balance

l-Jan-03 31-Dec-03

OPERATING FUND 7,851.37 8,692.52

Dues 22,700.00

Interest 566.57

Contributions 245.00

Spring Meeting 360.00 330.00

Annual Meeting 7,129.00 6,615.72

Transfer from IAS Foundation 9,000.00

Misc. Income 684.50

Officer's Expenses 4,000.00

Operating Expenses 4,963.20

Financial Expenses 2,789.44

Newsletter Expenses 2,486.69

Library Operations 3,180.70

Committee Expenses 0.00

Speaker of the Year 700.00

AAAS Representative 875.00

Web Site Development 2,060.00

Youth Activities 11,480.67

Operating Fund Total 7,851.37 40,685.07 39,481.42 9,055.02

RESTRICTED FUNDS
Proceedings 18,150.71 17,001.16 20,089.47 15,062.40

Publications 13,407.43 41,051.92 39,847.27 14,612.08

* Research Grants 14,699.97 66,939.21 65,612.16 16,027.02

Indiana Biological Survey 0.00 0.00 515.58 (515.58)

Lilly Library 6,578.44 0.00 0.00 6,578.44

Welch Fund 9,506.01 0.00 400.00 9,106.01

Life Members Fund 4,295.25 0.00 0.00 4,295.25

Past Presidents Fund 9,178.39 0.00 0.00 9,178.39

Total Restricted Funds 75,816.20 124,992.29 126,464.48 74,344.01

Prepaid 2003 Dues 4,255.00 4,170.00

TOTAL FUNDS 87,922.57 165,677.36 165,945.90 87,569.03

FUNDS ON DEPOSIT
Checking Account 5,822.45 169,135.58 166,265.51 8,692.52

Money Market Savings 71,043.74 103,791.39 107,015.00 67,820.13

Cert, of Deposit 11,056.38 0.00 0.00 11.056.38

TOTAL FUNDS DEPOSITED 87,922.57 272,926.97 273,280.51 87,569.03

* Provided 42 senior member grants, 16 high school grants and 2 high school teacher fellowship

ACADEMY FOUNDATION FUNDS
John S. Wright Fund Account 5,999,130.00 6,366,524.00

Academy Fund Account 225,284.00 234,527.00

Invested Income Account 230,011.00 316,093.00

TOTAL FOUNDATION FUNDS 6,454,425.00 6,917,144.00

idation Funded Used For:

General Fund 9,000.00

Proceedings 5,789.16

Publications 28,000.00

Research Grants 65,654.66

Total 108,443.82 Edward L. Frazier

Audited February 28, 2004 Treasurer







INSTRUCTIONS TO AUTHORS
(revised October 2001)

General information.—Manuscripts and all correspon-

dence should be sent to the Editor. To be eligible for publi-

cation in the Proceedings, at least one author must be a

member of the Academy. Papers that have been presented at

an Academy meeting may be given preference for publica-

tion. Submission of a manuscript to the Editor implies that

it has not been sent to another publication, nor has it been

published elsewhere. If it is accepted for publication in the

Proceedings, it may not be republished without the written

consent of the Academy.
All manuscripts are evaluated by referees. Submit three

copies of the manuscript. Figures in manuscripts for review

may be submitted as photocopies, and they should be approx-

imately the size that they will be printed in the Proceedings.

After the manuscript has been accepted, the author will be

asked to submit the manuscript as a paper copy and on a

computer disc in a widely-used word processing program.

Indicate clearly on the computer disc the word processing

program and the type of computer (Mac or PC).

Galley proofs will be sent to the primary author for

approval and correction.

Style.—Do not use right or full justification. Also, use a

non-proportional font (e.g, Courier, but not Times Roman).
Title page.—The title page should include ( 1 ) the title in

capital letters, (2) each author's name and address, (3) the

running head (see below), and (4) the complete name,
address, and telephone number of the author with whom
proofs and correspondence should be exchanged, a FAX
number and electronic mail address if available.

Abstract.—All manuscripts have an abstract, which
should summarize the significant facts in the manuscript.

The "ABSTRACT" heading in capital letters should be
placed at the beginning of the first paragraph set off by a

period. Use complete sentences, and limit the abstract to

one paragraph and 250 words.

Keywords.—Give 3-5 appropriate keywords following

the abstract.

Text.—Double-space text, tables, legends, etc. through-

out. Three categories of headings are used. The first catego-

ry (METHODS, RESULTS, etc.) is typed in capitals, cen-

tered, and on a separate line. The second (lower) category of
heading, in bold type, begins a paragraph with an indent and
is separated from the text by a period and a dash. (This para-

graph begins with an example of this heading.) The third

heading category may or may not begin a paragraph, is ital-

icized and followed by a colon. (The paragraph below is an
example.) Use only the metric system unless quoting text or

referencing collection data.

Citation ofreferences in the text: Cite only papers already

published or in press. Include within parentheses the sur-

name of the author followed by the date of publication. A
comma separates multiple citations by the same author(s)

and a semicolon separates citations by different authors,

e.g., (Smith 1990), (Jones 1988; Smith 1993), (Smith 1986,

1987; Smith & Jones 1989; Jones et al. 1990).

Literature cited section.—Use the following style, and
include the full unabbreviated journal title. Repeat the name
for multiple references by the same author. Note that book
titles have the first letter of each word capitalized.

Walter, J. & B. Hallet. 1979. Geometry of former subglacial

water channels and cavities. Journal of Glacioloey
23:335-346.

Walter, J. 1992. The significance and complexity of commu-
nication in moths. Pp. 25-66, In Insect Communications:

Mechanisms and Ecological Significance. (P.N. Work &.

J.S. Rivers, eds.). Princeton University Press, Princeton,

New Jersey.

Footnotes.—Footnotes are permitted only on the first

printed page to indicate current address or other information

concerning the author. These are placed together on a sepa-

rate page at the end of the manuscript. Tables and figures

may not have footnotes.

Running head.—The author's surname(s) and an abbre-

viated title should be typed all in capital letters and must not

exceed 60 characters and spaces. The running head should

be placed near the top of the title page.

Tables.—These should be typed double-spaced, one table

to a page and numbered consecutively. Most tables contain

only three horizontal lines (see recent issues for examples).

Do not use vertical lines or shading. Include all pertinent

information in the table legend (no footnotes).

Illustrations.—All art work must be camera-ready

(mounted and labeled) for reproduction. Figures should be

arranged so that they fit (vertically and horizontal ly) the

printed journal page, either one column or two columns,

with a minimum of wasted space. When reductions are to be

made by the printer, pay particular attention to width of

lines and size of lettering in line drawings. Multiple photos

assembled into a single plate should be mounted with only

a minimum of space separating them. In the case of multi-

ple illustrations mounted together, each illustration must be

numbered Fig. 1, Fig. 2, etc.) rather than given letter (A.B.

etc.) designations. The name(s) of author(s). and an indica-

tion of top edge, and whether the illustration should be one

or two columns wide, should be written on the back of the

illustration. The overall dimensions should be no more than

11 inches (28 cm) x 14 inches (36 cm). Larger drawings

present greater difficulty in shipping and greater risk of

damage for which the Proceedings assumes no responsibil-

ity. In manuscripts for review, photocopies are acceptable.

and should be reduced to the exact measurements that the

author prefers in the final publication. Make notations in the

text margins to indicate the preferred position of illustra-

tions in the printed text. Color plates can be printed: but the

author must assume the full cost, currently about $600 per

color plate.

Legends for illustrations should be placed together on the

same page(s) and separate from the illustrations. Each plate

must have only one legend, as indicated below:

Figures 1-4.—Right chelicerae of species of

Centruroides from Timbuktu. 1. Dorsal view: 2. Prolateral

view of moveable finger; 3. Centruroides holotype male: 4.

Centruroides male. Scale = 1 .0 mm.
Page charges and reprints.—Page charges are currently

$10 per journal page for members of the Academy and $70
per page for non-members. Corrections in proof pages must

be restricted to printer's errors onl) : all other alterations w ill

be charged to the author (current^ S3 per line).

Reprints are available only from the Allen Press and

should be ordered (with payment) when the author re< . .
-

the proof pages. Allen Press will not accept reprint orders

after the paper is published.
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